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INTRODUCTION, SUMMARY, CONCLUSION AND RECOMMENDATIONS 
 
The release of over five million cubic yards of coal ash from the Tennessee Valley Authority’s 
Kingston, Tennessee facility in December 2008, which flooded more than 300 acres of land, 
damaging homes and property, is a wake-up call for diligence on coal combustion waste disposal 
units.  A first step to prevent such catastrophic failure and damage is to assess the stability and 
functionality of ash impoundments and other units, then quickly take any needed corrective 
measures. 

This assessment of the stability and functionality of the MidAmerican Energy Company (MEC) 
coal combustion waste (CCW) management units is based on a review of available documents 
and on the site assessment conducted by Dewberry personnel on September 15, 2010.  We found 
the supporting technical information to be generally adequate (Section 1.1.3).  As detailed in 
Section 1.2 there are some recommendations that may help to maintain a safe and trouble-free 
operation. 

In summary, the MidAmerican Walter Scott Junior Energy Center North Surface Impoundment 
(North Ash Pond) is currently rated FAIR and the South Surface Impoundment (South Ash 
Pond) is currently rated FAIR for continued safe and reliable operation.  The presence of a 
slough on the outside slope of the dike embankment (levee) on the north side of the South Ash 
Pond and the need for documentation of safety of the impounding embankments of both ponds 
under certain modes of potential failure strongly influences the ratings of these units.  Although 
the slough does not immediately threaten a breach of the dike, it is a deficiency that needs to be 
corrected as soon as conditions permit.  Repair of the slough is the responsibility of the US Army 
Corp of Engineers (USACE), as this dike is part of a levee system protecting against flood water 
in the adjacent Pony Creek.  MidAmerican has indicated that the USACE has instructed 
MidAmerican not to do any kind of repairs at the slough, as the USACE plans to repair the dike 
when water levels in Pony Creek are lower.  The other issues are documentation deficiencies at 
this time.  

PURPOSE AND SCOPE 
 
The U. S. Environmental Protection Agency (EPA) is embarking on an initiative to investigate 
the potential for catastrophic failure of Coal Combustion Surface Impoundments (i.e. 
management units) from occurring at electric utilities in an effort to protect lives and property 
from the consequences of a dam failure or the improper release of impoundment contents.  The 
EPA initiative is intended to identify conditions that may adversely affect the structural stability 
and functionality of a management unit and its appurtenant structures (if present); to note the 
extent of deterioration (if present); status of maintenance and/or a need for immediate repair; to 
evaluate conformity with current design and construction practices, and to determine the hazard 
potential classification for units not currently classified by the management unit owner or by a 
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state or federal agency.  The initiative will address management units that are classified as Less-
than-Low, Low, Significant or High Hazard Potential ranking.  (For Classification, see pp. 3-8 of 
the 2004 Federal Guidelines for Dam Safety.) 

In March 2009, the EPA sent letters to coal-fired electric utilities seeking information on the 
safety of surface impoundments and similar facilities that receive liquid-borne material that store 
or dispose of coal combustion waste.  This letter was issued under the authority of the 
Comprehensive Environmental Response, Compensation and Liability Act (CERCLA) Section 
104(e), to assist the Agency in assessing the structural stability and functionality of such 
management units, including which facilities should be visited to perform a safety assessment of 
the berms, dikes, and dams used in the construction of these impoundments. 

EPA asked utility companies to identify all management units, such as surface impoundments or 
similar diked or bermed structures and landfills receiving liquid-borne materials, that store or 
dispose of coal-combustion residuals or by-products, including, but not limited to, fly ash, 
bottom ash, boiler slag, and flue gas emission control residuals.  Utility companies responded 
with information on the size, design, age, and the amount of material placed in the units so that 
EPA could gauge which management units had or potentially could rank as having High Hazard 
Potential.  The USEPA and its contractors used the following definitions for this study: 

“Surface Impoundment or impoundment means a facility or part of a facility which is a 
natural topographic depression, man-made excavation, or diked area formed primarily of 
earthen materials (although it may be lined with man-made materials), which is designed 
to hold an accumulation of liquid wastes or wastes containing free liquids, and which is 
not an injection well.  Examples of surface impoundments are holding, storage, settling 
and aeration pits, ponds, and lagoons.” 

For this study, the earthen materials could include coal combustion residuals.  EPA did 
not provide an exclusion for small units based on whether the placement was temporary 
or permanent.  Furthermore, the study covers not only waste units designated as surface 
impoundments, but also other units designated as landfills which receive free liquids. 

EPA is addressing any land-based units that receive fly ash, bottom ash, boiler slag, or 
flue gas emission control wastes along with free liquids.  If the landfill is receiving coal 
combustion wastes with liquids limited to that for proper compaction, then there should 
not be free liquids present and the EPA did not seek information on such units which are 
appropriately designated a landfill. 

In some cases coal combustion wastes are separated from the water, and the water 
containing de minimus levels of fly ash, bottom ash, boiler slag, or flue gas emission 
control wastes are sent to an impoundment.  EPA is including such impoundments in this 
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study, because chemicals of concern may have leached from the solid coal combustion 
wastes into the waster waters, and the suspended solids from the coal combustion wastes 
remain. 

The purpose of this report is to evaluate the condition and potential of waste release from 
management units that have not been rated for hazard potential classification.  A two-
person team reviewed the information submitted to EPA, reviewed any relevant publicly 
available information from state or federal agencies regarding the unit potential hazard 
classification (if any) and accepted information provided via telephone communication with a 
management unit representative.  

This evaluation included a site visit.  EPA sent two engineers, one licensed in the State of Iowa, 
for a one-day visit.  The two-person team met with the technical and management representatives 
of the management unit(s) to discuss the engineering characteristics of the unit as part of the site 
visit.  During the site visit the team collected additional information about the management 
unit(s) to be used in determining the hazard potential classifications of the management unit(s).  
Subsequent to the site visit the management unit owner provided additional engineering data 
pertaining to the management unit(s).  

Factors considered in determining the hazard potential classification of the management unit(s) 
included the age and size of the impoundment, the quantity of coal combustion residuals or by-
products that were stored or disposed in the these impoundments, its past operating history, and 
its geographic location relative to down gradient population centers and/or sensitive 
environmental systems. 

This report presents the opinion of the assessment team as to the potential of catastrophic failure 
and reports on the condition of the management unit(s).  The team considered criteria in 
evaluating the dams under the National Inventory of Dams in making these determinations.  
(Note: The terms “dike” and “dam” are used interchangeably in this report, as are the terms 
“pond” and “basin.”  The term “levee” is used to mean a dike used for flood protection.) 
 

 

The assessment of dam safety reported herein is based on field observations and review of 
readily available information provided by the owner/operator of the subject coal combustion 
waste management unit(s).  Qualified Dewberry engineering personnel performed the field 
observations and review and made the assessment in conformance with the required scope of 
work and in accordance with reasonable and acceptable engineering practices.  No other 
warranty, either written or implied, is made with regard to our assessment of dam safety.

LIMITATIONS 
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1.0 CONCLUSIONS AND RECOMMENDATIONS 
 

1.1 CONCLUSIONS  
 

Conclusions are based on visual observations from the one-day site visit and review of 
technical and historical documentation provided by MidAmerican (Appendix C).  Field 
observations are documented with photographs in Appendix A and checklists in 
Appendix B.  (Note: Some information on the checklists was based on field estimates and 
limited review of available data at the time of the site visit and thus may not be entirely 
consistent with information presented in this report, which is based on a thorough review 
of all available data, including additional furnished information.)  Additional requested 
information, and miscellaneous information furnished for review are included in 
Appendices D and E.  

 
1.1.1 Conclusions Regarding the Structural Soundness of the Management 

Unit(s) 
 
The structural stability of the perimeter dikes impounding the ash ponds appears 
adequate with respect to global stability under static and seismic (pseudo-static) 
loading conditions.  The slough that was observed on the outside slope of the 
levee on the north side of the South Ash Pond appears to have been caused by loss 
of toe support due to erosion during flood flows in Pony Creek and not due to 
inherent instability of the levee section.  The safety of the dike/levee 
embankments around both ponds with respect to seepage uplift and liquefaction 
potential is undetermined and thus unknown at this time.  The reason for the low 
dike embankment section on the east side of the South Ash Pond is undetermined 
and unknown at this time.  Additional study or documentation is needed to assess 
these issues. 

 
Visible parts of the outlet structure at the North Ash Pond appeared to be in sound 
and stable condition with no visual evidence of significant deterioration, except at 
the discharge end of the outlet pipe, including end wall and flap gate, which 
apparently were damaged during straightening/dredging operations in Pony 
Creek.   

 
From MidAmerican it is understood that the USACE has indicated that fixing 
various issues in the area of the Pony Creek improvement project, including repair 
of the discharge end of the outlet pipe and repair of the slough on the outside 
slope of the levee on the north side of the South Ash Pond, will have started in 
late October 2010, before issue of this assessment report.   
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1.1.2 Conclusions Regarding the Hydrologic/Hydraulic Safety of the 
Management Unit(s) 

 
No hydrologic/hydraulic analyses of the ash ponds were available for review.  
However, on the basis of simple calculations made for this evaluation, the ash 
ponds, which are totally contained within perimeter dike systems, are capable of 
accommodating precipitation depths exceeding the Iowa Department of Natural 
Resources’ design criterion, as well as the U.S. Army Corps of Engineers’ 
(USACE) design criterion for the size and hazard potential classifications 
assigned to the WSEC ash ponds.  The hydrologic safety of the ash ponds is more 
influenced by the potential for external flooding into the ash ponds rather than 
overtopping of water impounded within the ponds.  The hydrologic safety of the 
ash ponds is reliant on the flood-protection levees, which are required by the levee 
districts to provide protection up to the 100-year flood.  This is at the lower limit 
of the USACE criterion for impoundments.   
 
1.1.3 Conclusions Regarding the Adequacy of Supporting Technical 

Documentation 
 

Supporting technical documents are generally adequate for the purposes of this 
review and assessment, although furnished drawings show original design 
features and do not reflect as-built features or all modifications that have been 
made since original construction (e.g., the SIRE railroad embankment built across 
the western part of the ash basins does not show on any of the furnished 
drawings).   
 
No documentation of hydrologic/hydraulic analyses was available, but none was 
needed to make an assessment of the ash ponds’ capacity to safely contain design 
storm precipitation over the basins, which are totally contained within perimeter 
dike systems.  However, MidAmerican should perform its own calculations to 
provide formal documentation of internal hydrologic safety of the ash basins and 
update the calculations as necessary to account for changes in internal drainage 
patterns and reduction in available flood surcharge storage as the basins fill with 
more ash. 
 
Since the ash ponds rely upon the flood-protection levees, particularly those along 
Pony Creek, which are the critical impounding dikes for both ash ponds, copies of 
current documentation of structural stability and current hydrologic analyses that 
pertain to the flood-protection levees should be obtained and maintained in 
MidAmerican files.  The responsibility for conducting the analyses may lie with 
the levee districts and/or the USACE.  In addition, MidAmerican should conduct 
under-seepage analyses and liquefaction potential analyses if such analyses are 
not available from the study conducted for the USACE/levee districts or if those 
analyses will not apply to the other dikes around the ash ponds because conditions 
are too dissimilar.  Also, in the absence of documentation of the reason for the 
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very low dike embankment section on the south part of the perimeter dike on the 
east side of the South Ash Pond, MidAmerican should conduct a documented 
investigation of the compressibility of the underlying thick very soft fat clay layer 
and its effect on the performance of the dike embankment.  The effect of design 
earthquake shaking on the very soft clay layer should also be evaluated. 

 
1.1.4 Conclusions Regarding the Description of the Management Unit(s) 

 
Descriptions provided are generally sufficient.  As noted above, furnished 
drawings do not show or note as-built features or all modifications that have been 
made since original construction. 

  
1.1.5 Conclusions Regarding the Field Observations 

 
The dike embankments around both ash ponds appeared to be structurally sound 
with no evidence of significant seepage.  There were no apparent indications of 
serious conditions that immediately threaten the safety of the impounding dikes. 
 
A slough observed on the outside slope of the dike embankment (levee) on the 
north side of the South Ash Pond does not immediately threaten the safety of the 
ash pond, but it should be repaired as soon as conditions permit; it is understood 
that the USACE has plans to do so.  Otherwise, the visible parts of the dike 
embankments were observed to have no signs of overstress, significant recent 
settlement, shear failure, or other signs of instability, although visual observations 
of the embankment slopes in some areas were hampered by the presence of a tall 
growth of sunflowers and weeds.   
 
The crest of the dike embankment on the east side of the South Ash Pond was 
observed to be much lower, by 6.3 feet, than called for by design and to have an 
undulating surface.  The departure from the design elevation seems too great to be 
the result of settlement, since the embankment is relatively low, only 10 feet thick 
according to a recent boring made by Terracon on this section of the dike.  
However, the boring also penetrated a layer of very soft dark gray fat clay more 
than 25 feet thick in the lower part of the foundation soil profile below a depth of 
23.5 feet.  Nevertheless, settlement on the order of 6.3 feet under the weight of a 
10-foot thick embankment seems unlikely, although some settlement probably 
occurred.  The embankment apparently was constructed low for reasons currently 
unknown; possibly the embankment was constructed low to keep the embankment 
toe off the I-29 right-of-way or to keep the dike embankment lower than the I-29 
embankment.  The high points along the undulating crest appeared to occur at the 
locations of power poles that are in pairs on the inside slope along the length of 
the embankment; possibly the surface was built up just prior to power pole 
installation to provide minimum embedment depths for the poles.   
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The visible part of the only outlet structure, located at the North Ash Pond, was 
observed to be in sound, stable condition, except at the discharge end, where the 
last section with attached end wall and flap gate had been detached, apparently by 
straightening/dredging operations during a USACE improvement project in Pony 
Creek.  The damaged end of the outlet structure should be repaired to restore the 
structure to serviceable condition.   

  
1.1.6 Conclusions Regarding the Adequacy of Maintenance and Methods of 

Operation 
 

Methods of operation are adequate.  Maintenance is generally adequate.  There 
was no evidence of repaired embankment breaches or prior releases observed 
during the field assessment.  There are several maintenance issues that should be 
addressed, as discussed in Subsection 8.3.2, Adequacy of Maintenance, and 
recommended in Subsection 1.2.6, Recommendations Regarding the Maintenance 
and Methods of Operation. 

  
1.1.7 Conclusions Regarding the Adequacy of the Surveillance and 

Monitoring Program 
 

The inspection program is substandard.  A formal inspection program should be 
developed and implemented as discussed in Subsection 9.3.1, Adequacy of 
Inspection Program, and recommended in Subsection 1.2.7, Recommendations 
Regarding the Surveillance and Monitoring Program.  There is no dam monitoring 
program in place that includes such instruments as observation wells/piezometers, 
settlement monitoring points, inclinometers, seepage monitoring points, etc.  Such 
monitoring instruments do not appear to be warranted for these low dikes at this 
time.  A program of groundwater quality monitoring and North Ash Pond 
discharge monitoring is in place and will continue in accordance with IA DNR 
permit requirements.  

  
1.1.8 Classification Regarding Suitability for Continued Safe and Reliable 

Operation  
 

North Ash Pond – In accordance with EPA criteria the North Ash Pond is rated 
FAIR for continued safe and reliable operation.  This rating is influenced by the 
need for documentation of safety against seepage uplift and liquefaction potential; 
this documentation would help improve the rating.  It is noted that the discharge 
end of the outlet structure needs to be repaired to ensure continued serviceable 
operation.  However, the hydrologic safety of the North Ash Pond during large 
flooding events is not reliant on discharge through the outlet structure; in fact 
during flood stages in Pony Creek, discharge through the outlet structure is not 
possible.  The hydrologic safety of the North Ash Pond is reliant on its very large 
flood storage capacity and catchment area equal to the area of the ash basin.   
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South Ash Pond – In accordance with EPA criteria the South Ash Pond is rated 
FAIR for continued safe and reliable operation.  This rating is influenced by the 
need to repair the slough on the outside slope of the dike that forms the north side 
of the South Ash Pond, and the need for documentation of safety against seepage 
uplift and liquefaction potential, as well as documentation/study of the reason for 
the low crest of the dike embankment on the east side of the pond.  Satisfactory 
completion of repair to the sloughed area by the USACE and documentation of 
the safety of the dike for the above-noted issues would help improve the rating. 

 
1.2 RECOMMENDATIONS 

 
1.2.1 Recommendations Regarding the Structural Stability 

 
None appear warranted at this time, other than to maintain current documentation 
of stability analyses of the impounding levees/dikes of both ash ponds under all 
credible modes of potential failure as recommended in Subsection 1.2.3.   

 
1.2.2 Recommendations Regarding the Hydrologic/Hydraulic Safety 

 
None appear warranted at this time, other than to maintain current documentation 
of hydrologic analyses of both ash ponds as recommended in Subsection 1.2.3.   

 
1.2.3 Recommendations Regarding the Supporting Technical 

Documentation 
 
Maintain current documentation of all relevant appropriate stability analyses and 
hydrologic analyses in MidAmerican files, including copies of the current 
analyses conducted under the charge of the levee districts and/or the USACE.  
The utility should ask the levee districts and the USACE for updates of the 
analyses whenever they are made.   
 
Perform hydrologic calculations to provide formal documentation of internal 
hydrologic safety of the ash basins and update the calculations as necessary to 
account for changes in internal drainage patterns and reduction in available flood 
surcharge storage as the basins fill with more ash.   
 
If analyses conducted under the charge of the levee districts and/or the USACE 
are not available or will not adequately apply to the dikes under MidAmerican’s 
charge, conduct underseepage analyses and liquefaction potential analyses for the 
impounding dikes of both ash ponds, as appropriate; it is noted that underseepage 
analysis of the South Ash Pond dike may not be necessary if further field 
exploration shows that the thick fat clay foundation layer is present all along the 
dike embankment sections under MidAmerican’s charge.  However, unless 
documentation is uncovered of the reason for the very low dike embankment 
section on the south part of the perimeter dike on the east side of the South Ash 
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Pond, conduct a documented investigation of the compressibility of the 
underlying thick very soft fat clay layer and its effect on the performance of the 
dike embankment where the dike is unusually low; in addition, evaluate the effect 
of design earthquake shaking on the very soft clay layer. 
  
1.2.4 Recommendations Regarding the Description of the Management 

Unit(s) 
 

Update project documents to include or note current features of the ash basins and 
modify or supplement the documents as needed when changes are made in the 
future.  For example, the recently completed crest elevation profiles around both 
ash ponds surveyed by HGM Associates, Inc. (Appendix D - Item 2) serves to 
provide documentation of current crest elevations, which should be referenced on 
official project plans. 

 
1.2.5 Recommendations Regarding the Field Observations 

 
A number of field observations relate to maintenance issues.  Recommendations 
regarding maintenance issues are included in the following Subsection 1.2.6.  
 
Two field observations relate to repair issues.  One concerns the slough on the 
outside slope of the dike on the north side of the South Ash Pond.  Although 
MidAmerican does not have responsibility for repairing the slough, it is 
recommended that MidAmerican continue to closely monitor the slough for any 
worsening conditions, particularly during and after rainstorms, and have a 
contingency plan for taking quick action, on its own if necessary, should 
conditions rapidly deteriorate at the slough.  Apprise the USACE of any 
deterioration at the slough.   
 
The other repair issue concerns the detached end section with end wall and flap 
gate at the discharge end of the outlet pipe through the levee on the south side of 
the North Ash Pond.  Repair of this end section also appears to be the 
responsibility of the USACE.  Although not as critical as the slough, the end 
section should be repaired as soon as possible.  Without the flap gate water could 
enter the pipe during flood stages in Pony Creek and place the pipe section 
through the levee under pressure, which is a condition the pipe likely does not 
normally experience.  (Furnished drawings of the outlet structure do not indicate 
whether or not the pipe joints were to have O-ring seals.)  It is recommended that 
discharges through the outlet pipe be limited as much as possible until the end 
section can be repaired.  It is further recommended that MidAmerican monitor 
conditions at the damaged end of the outlet pipe to check for erosion and 
undermining. 
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Recommendations for an investigation regarding the very low dike embankment 
crest elevation observed on the south part of the perimeter dike on the east side of 
the South Ash Pond are included above in Subsection 1.2.3; raising this low 
section of dike does not appear to be necessary at this time, but may need to be 
considered if the investigation shows continuing settlement due to unusually large 
secondary compression effects or if more formal calculations of hydrologic safety 
show a need for more freeboard at the low dike section. 

 
1.2.6 Recommendations Regarding the Maintenance and Methods of 

Operation 
 

No recommendations appear to be warranted at this time with respect to methods 
of operation.   
 
Maintenance recommendations are as follows:  
 

• Eradicate sunflowers and other tall, stalky vegetation on the dike 
embankment slopes or control this type of vegetation by cutting three 
times during the growing season.  Continue to mow the crests and 
shoulder areas of the dike embankments, also three times during the 
growing season. 

• If possible through an agreement with the adjacent land owner, remove the 
small trees and bushes on the outside slope of the dike on the north side of 
the North Ash Pond before they become large.   

• Place riprap protection on the eroded inside slope of the North Ash Pond 
along the waterline on the east side near north end, when planned riprap 
repairs at the South Ash Pond are done.   

• Clean sediment out of the overflow structure at the inlet end of the outlet 
structure in the North Ash Pond and maintain the structure clear of 
sediment in the future, to assure that the opening under the skimmer wall 
is not blocked. 
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1.2.7 Recommendations Regarding the Surveillance and Monitoring 
Program 

 
Develop and implement a formal inspection program that includes at a minimum 
the following: 
 

• Quarterly inspections performed by plant operating personnel familiar 
with the dike embankments and trained on what to look for in the field.  
The quarterly inspections should be documented; use of a checklist form is 
suggested. 

• Annual inspections performed by an engineer familiar with the dike 
embankments and associated engineering data.  The annual inspections 
should be documented with a written inspection report, or checklist form, 
including evaluation and recommendations. 

• Internal inspections of the outlet structure conducted every 5 years with a 
remote camera or by personnel using confined-space entry procedures.  
The results should be documented with a written inspection report. 

 
During future inspections, closely observe the dike embankment on the north side 
of the North Ash Pond where the inside slope is particularly steep just above 
waterline, to check for tension cracks, slide scarps or other signs of mass soil 
movement. 
 
No recommendations for permanent performance monitoring instruments appear 
to be warranted at this time.  However, frequent visual monitoring of the 
temporary steel pins behind the slough on the outside slope of the dike on the 
north side of the South Ash Pond should continue as planned and frequent visual 
monitoring of the damaged end of the outlet pipe should be done, until both are 
repaired by the USACE.   

 
1.2.8 Recommendations Regarding Continued Safe and Reliable Operation  

 
No additional recommendations for continued safe and reliable operation appear 
to be warranted at this time.  However, it would be prudent to periodically review 
changes in the structures and activities around the ash ponds that may alter the 
hazard potential classification or assessment of the consequences of failure of the 
perimeter dikes.   
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2.0 DESCRIPTION OF THE COAL COMBUSTION WASTE MANAGEMENT 
UNIT(S) 

 
2.1 LOCATION AND GENERAL DESCRIPTION 

 
The Walter Scott Junior Energy Center (WSEC) is physically located between the Missouri 
River and Interstate 29, south of the Lake Manawa in Pottawattamie County, Iowa, 
approximately 2 miles northeast of Bellevue, Nebraska.  Mosquito Creek runs from the north 
through WSEC, between the plant and the North Surface Impoundment, to the Missouri River.  
Pony Creek runs between the North Surface Impoundment and the South Surface Impoundment 
from the east to the Missouri River.  The WSEC is located on Navajo Street, Council Bluffs, 
Iowa 51501.  The Missouri River is west of WSEC, and Interstate 29 is to the east.  See 
Appendix C - Doc 1.1 for location of the WSEC on an aerial map. 
 
WSEC has two impoundments designated for storage and disposal of coal combustion waste 
(CCW), including: 
 

• North Surface Impoundment  
• South Surface Impoundment  

 
The two basins used for managing coal combustion waste (CCW) and are designated as North 
Surface Impoundment (North Ash Pond also known as Ash Pond 2) and South Surface 
Impoundment (South Ash Pond also known as Ash Pond 1).  The ponds are partially incised and 
the perimeters are formed by dikes and levees.  The levees of Mosquito Creek and Pony Creek 
form the west and south embankments of the North Ash Pond and the north embankment of the 
South Ash Pond.  Dikes form the east and north embankments of the North Ash Pond and the 
south, east and west embankments of the South Ash Pond.  The power plant is southwest of the 
North Ash Pond and northeast of the South Ash Pond.  The Southwest Iowa Renewable Energy 
(SIRE) rail line runs north-south on an embankment through the west parts of the North and 
South Ash Ponds.  The ponds were essentially developed from pre existing incised ponds (old 
borrow pits) adjacent to Interstate 29.  
The North Ash Pond is active and currently receives bottom ash and boiler slag from coal-fired 
units, and mill rejects (pyrite) at the WSEC; it formerly received fly ash.  This pond is filled to 
approximately 40 percent capacity as of March 2009; the storage volume varies due to the 
excavation of ash for retail.  The South Ash Pond receives bottom ash, boiler slag, and pH-
adjusted process water from the demineralization system.  See Appendix C - Doc 1.2 for relative 
locations of the ponds on an aerial view map of the WSEC.  An outlet structure located through 
the east part of the levee on the south side of the North Ash Pond discharges into Pony Creek.  
The North Ash Pond discharge is regulated by the Iowa Department of Natural Resources (IA 
DNR).  There is no outlet from the South Ash Pond; water in the pond is recycled back to the 
plant and reused.  The Levee District of Pottawattamie and Mills County is responsible for the 
embankments forming the levees of Pony Creek, and the Levee District of City of Council Bluffs 
is responsible for the embankments forming the levees of Mosquito Creek.  The Army Corps of 
Engineers assists the levee districts in the maintenance and inspection of the levees. 
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The North Ash Pond is an unlined basin with a total surface area of approximately 171 acres, 
including ash-filled areas that do not have impounded water and the area of a railroad 
embankment.  This pond is contained by dikes on the north and east sides, the Pony Creek levee 
on the south side, and the Mosquito Creek levee on the west side.  According to a furnished 
drawing (Appendix C - Doc 1.3), the lowest crest elevation of the embankment of the North Ash 
Pond is 979.1 feet (Mosquito Creek levee).  However, a recently completed survey of the crest 
elevations around the perimeter of the pond (Appendix D - Item 2) indicates the lowest crest 
elevation now is 978.8 feet (again on the Mosquito Creek levee).  The height of the low point 
above the immediately adjacent outside toe is indicated to be about 11.2 feet (MEC response to 
EPA’s RFI dated March 30, 2009), but the height above the low point on the outside toe is about 
17.9 feet.  The crest of the Pony Creek levee on the south side of the North Ash Pond is 
approximately 3 feet higher than the embankments on the other sides of the basin and is more 
than 24 feet above the normal water level in Pony Creek.  The bottom elevation of the North Ash 
Pond is approximately 948 feet based on elevation information on the furnished drawing 
(Appendix C - Doc 1.3), which is 17 to 20 feet below the typical outside toe elevations (965 to 
968 feet) around the North Ash Pond.   
 
The South Ash Pond is an unlined basin with a total surface area of approximately 133 acres, 
including ash-filled areas that do not have impounded water and the area of a railroad 
embankment.  This pond is contained by dikes on the south, east, and west sides.  The Pony 
Creek levee bounds the north side.  According to the recent survey (Appendix D - Item 2), the 
lowest crest elevation of the embankment of the South Ash Pond is 973.8 feet (south part of dike 
on east side).  The height of this low point above the immediately adjacent outside toe is about 
6.8 feet (6.6 feet given in MEC response to EPA’s RFI dated March 30, 2009), but the height 
above the low point on the outside toe is about 8.8 feet.  The typical crest elevation of the dike, 
except on the Pony Creek levee, is approximately 980 feet, which is 15 feet above the low point 
on the outside toe.  Approximately 700 feet of the dike at the southeast end of the South Ash 
Pond, adjacent to I-29, is up to 6 feet or more below the typical crest elevation.  The crest of the 
Pony Creek levee on the north side of the South Ash Pond is about 3 feet higher than the typical 
crest elevation and is about 24 feet above the normal water level in Pony Creek.  The bottom 
elevation of the South Ash Pond is approximately 961 feet based on elevation information on the 
furnished drawing (Appendix C - Doc 1.3), which is 5 to 9 feet below the typical outside toe 
elevations (966 to 970 feet) around the South Ash Pond.   

 
2.2 SIZE AND HAZARD CLASSIFICATION 
 

The WSEC embankments are not regulated by a federal or state agency and currently do not 
have federal or state hazard potential classifications.  The North Ash Pond discharge is regulated 
by Iowa Department of Natural Resources (IA DNR).   
 
North Ash Pond –The total storage capacity is 3.3 million cubic yards (2,045.5 acre-feet) with a 
percentage (less than 50 percent) within the incised part of the basin below exterior grades.  
Other physical data are summarized in Table 2.1.  The USACE criteria for Size Classification are 
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presented in Table 2.2.  Based on storage capacity, the North Ash Pond dam has an Intermediate 
Size Classification, although it borders on Small when the incised part of the storage is taken into 
consideration.  The dam currently has an undetermined hazard potential rating.  The criteria for 
Hazard Potential Classification used by the Environmental Protection Agency (EPA) are 
presented in Table 2.3.  For comparison the IA DNR criteria for Dam Hazard Classification are 
presented in Table 2.4.  Failure of the south side levee would discharge water and potentially 
CCW into Pony Creek.  Failure of the west side levee would discharge water into Mosquito 
Creek.  Failure of the east side dike would discharge water and potentially CCW into the 
Interstate 29 west side swale.  Failure of the north side dike would discharge water and 
potentially CCW onto a farm road and into a drainage ditch and onto adjacent farmland.  The 
above failure scenarios assume basin water levels well above the normal operating range of 962 
to 966 feet.  A failure occurring when the basin water level is within the normal operating range 
would release little or no water, depending on location of the failure, since the outside toe 
elevations range from a little below to a little above the normal operating range.  Failure of the 
levee and dike embankments around the North Ash Pond would not likely cause loss of life but 
would cause some environmental damage and minor economic damage to the adjacent farm.  
Therefore, the North Ash Pond dam should be given a Low Potential Hazard Classification

 

 per 
the criteria used by EPA (Table 2.3).  

South Ash Pond – The total storage capacity is 2.14 million cubic yards (1,326 acre-feet) with a 
percentage (less than 50 percent) within the incised part of the basin below exterior grades.  
Other physical data are summarized in Table 2.1.  Based on storage capacity, the South Ash 
Pond dam is conservatively assigned an Intermediate Size Classification.  Although some of the 
storage is incised below immediately adjacent outside toe grades, the bottom of the basin is still 
above the normal water level in Pony Creek; thus, there is the potential that a breach through the 
north side levee could erode down to the basin bottom elevation.  The Intermediate Size 
Classification is considered conservative, since the maximum volume of water that can be stored 
in the basin is less than 1,000 acre-feet; much of the total storage volume is occupied by bottom 
ash deposits which are relatively stable and would not be expected to flow like water or slurry, 
although some of the ash would be eroded and transported with the water.  The dam currently 
has an undetermined hazard potential rating.  Failure of the north side levee would discharge 
water and potentially CCW into Pony Creek.  Failure of the east side dike would discharge water 
and potentially CCW into the Interstate 29 west side swale.  Failure of the south side dike would 
discharge water and potentially CCW onto the low undeveloped part of the ethanol plant site to 
the south.  Failure of the west side dike would discharge water onto MidAmerican property.  
Failure through the north side levee is the only location where most of the impounded water in 
the pond could potentially be released.  Failures through the other sides, particularly west and 
south sides, would result in only partial releases, because of relatively high outside toe elevations 
on these sides, relative to the basin bottom elevation.  Failure of the levee and dike embankments 
around the South Ash Pond would not likely cause loss of life but would cause some 
environmental damage and minor economic damage to MidAmerican property and possibly to 
the ethanol plant site.  Therefore, the South Ash Pond dam should be given a Low Potential 
Hazard Classification
 

 per the criteria used by EPA (Table 2.3).  
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Table 2.1: Summary of Dam Dimensions and Size* 
 North Ash Pond  South Ash Pond   
Dam Height (feet)* 11.2  6.6  
Total Storage Capacity (acre-feet) 2045.5 1326.5 
Crest Width (feet)** 10’ 10' 
Length (feet) ~11,522  ~9,489 
Side Slopes (inside) (horiz:vert)** 3:1 3:1 
Side Slopes (outside) (horiz:vert)** 3:1 3:1  
Hazard Classification*** Low  Low 

*Based on data in MEC response to EPA’s RFI dated March 30, 2009; review of furnished data indicates maximum 
heights of 17.9’ for North Ash Pond & 8.8’ for South Ash Pond. 
**Based on furnished design information 
*** EPA Hazard Potential Classification  
   

Table 2.2: Size Classification* 
Per USACE ER 1110-2-106, September 26, 1979 

Category Impoundment Storage (Acre-Feet) Dam Height (Feet) 
Small Less than 1,000 but equal to or greater 

than 50 Less than 40 but equal to or greater than 25 

Intermediate 
Less than 50,000 but equal to or greater 
than 1,000 

Less than 100 but  equal to or greater than 
40 

Large Equal to or less than 50,000 Equal to or less than 100 
*Note: Size classification may be determined by either storage or height of structure, whichever gives the higher 
category.  
 

 

Table 2.3: Dam Hazard Potential Classification  
Used by EPA 

Category Hazard Potential Description 
High Hazard Potential Dams where failure or misoperation will probably cause loss of 

human life. 
Significant Hazard Potential Dams where failure or misoperation results in no probable loss of 

human life but can cause economic loss, environmental damage, 
disruption of lifeline facilities, or can impact other concerns.  
Significant hazard potential classification dams are often located in 
predominantly rural or agricultural areas but could be located in areas 
with population and significant infrastructure. 

Low Hazard Potential 
 

Dams where failure or misoperation results in no probable loss of 
human life and low economic and/or environmental losses.  Losses 
are principally limited to the owner’s property. 

Less Than Low Hazard 
Potential 

Dams where failure or misoperation results in no probable loss of 
human life or economic or environmental losses.   
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Table 2.4: Dam Hazard Classification*  
Per IA DNR 

Category Hazard Description 
Multiple Dams Structures located in areas where failure of a dam could contribute to failure 

of a downstream dam or dams, the minimum hazard class of the dam shall 
not be less than that of such downstream structure. 

High Hazard Structures located in areas where failure may create a serious threat of loss 
of human life or result in serious damage to residential, industrial or 
commercial areas, important public utilities, public buildings, or major 
transportation facilities. 

Moderate Hazard  Structures located in areas where failure may damage isolated homes, 
industrial or commercial buildings, moderately traveled roads or railroads, 
interrupt major utility services, but without substantial risk of loss of life.  
Structures that of themselves are of public importance. 

Low Hazard  
 

Structures located in areas where damages from a failure would be limited to 
loss of the dam, loss of livestock, damages to farm outbuildings, agricultural 
lands, and lesser used roads, and where loss of human life is considered 
unlikely. 

*Iowa DNR, Technical Bulletin 16 – Design Criteria and Guidelines for Iowa Dams.  December 1990. 
 
 
 
 

2.3 AMOUNT AND TYPE OF RESIDUALS CURRENTLY CONTAINED IN 
THE UNIT(S) AND MAXIMUM CAPACITY 

   
The amount of CCW residuals currently stored in the units and maximum capacities are 
summarized in Table 2.5. 
  
North Ash Pond – Based on information from MEC, this pond contains fly ash, bottom ash and 
boiler slag deposited over 32 years.  This pond is currently active and remaining storage volume 
varies due to the excavation of ash for retail sale (beneficial reuse).  Fly ash no longer is 
deposited in the pond.  Fly ash disposal in the pond was terminated by December 31, 2007; fly 
ash is currently dry-disposed in an ash monofill.  A total of 1,239.7 acre-feet of fly ash and 
bottom ash material were contained within the North Ash Pond, when last measured (March 17, 
2009).  As of 2009, the North Ash Pond had an estimated 39 percent remaining in total storage 
capacity.  Pool elevation at the time of the site visit was estimated at about 967.5 feet, which was 
above the normal operating pool range, due to previous unusually wet weather conditions.   
 
South Ash Pond – Based on information from MEC, this pond contains bottom ash, boiler slag, 
and pH-adjusted process water from the demineralization system deposited over 31 years.  This 
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pond is currently active.  A total of 663 acre-feet of bottom ash and boiler slag material are 
contained within the South Ash Pond, when last measured (March 17, 2009).  As of 2009, the 
South Ash Pond had an estimated 50 percent remaining in total storage capacity.  Pool elevation 
at the time of inspection was estimated at about 970.8 feet, which was within the normal 
operating pool range.   
 

 

Table 2.5: Amount of Residuals and Maximum Capacity of Unit* 

  North Ash Pond  South Ash Pond  
Surface Area (acre) 171 133 
Current Storage Volume (acre-feet) 1239.7 663 
Total Storage Capacity (acre-feet) 2045.5 1326.5 

*Based on data in MEC response to EPA’s RFI dated March 30, 2009 
 

2.4 PRINCIPAL PROJECT STRUCTURES 
 

2.4.1 Earth Embankment Dam 
 

North Ash Pond – The dikes on the north and east sides and the levees on the 
south and west sides of the North Ash Pond are earth-fill embankments.  The soils 
used for earth fill in the dikes appear to have been locally obtained from 
excavations made within the basin area and those in the pre-existing levees are 
believed to have been locally obtained, possibly from the borrow pits that 
originally existed within the basin area.  Based on boring information for the 
monitoring well network (Appendix C -Doc 1.4), the virgin soils in the upper 
profile consist of predominantly clay and silt (fine-grained soils), and these appear 
to be the types of soils used in the earth-fill embankments.  Deeper in the profile 
the soils are granular, consisting of sand and sand with varying amounts of silt.  
Specifications or notes concerning earth-fill embankment construction, such as 
placement moisture content, lift thickness, degree of compaction, etc., were not 
available.  The length of the embankment forming the west side levee of the basin 
is approximately 3679 feet, and the embankment forming the south side levee is 
approximately 2746 feet.  The total length of the perimeter dam is approximately 
11,522 feet.  The North Ash Pond is completely enclosed by the perimeter dam 
and does not receive surface runoff from outside the pond area.  The basic design 
geometric features of the perimeter dam embankment are summarized in Table 
2.1.    

 
According to MidAmerican, the geometry of the dam (excluding levees along the 
creeks) has not been altered since the North Pond was placed into service in 1978.  
A representative design section of the levee embankment (South Side) is shown in 
Exhibit 1.  As shown in this exhibit, the design called for 10-foot wide crest and 3 
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horizontal (H) to 1 vertical (V) side slopes.  The final design grades of the levees 
and dikes of the North Ash Pond are shown on the Finish Grades plans in 
Appendix C - Doc 1.3.  However, the crest of the south side levee is actually 
about 3 feet higher than shown on the Finish Grade plans.  MidAmerican 
indicated that the USACE raised the Mosquito Creek and Pony Creek levees in 
the early 1980s, and the change in height resulted in a slope of the crest from   
elevation 982 feet to 983 feet.  However, a recent survey of crest elevations 
around the perimeter of the pond suggests that the Mosquito Creek levee was not 
raised (see Appendix D - Item 2).   
 
South Ash Pond – The dikes on the east, south, and west sides and the levee on 
the north side of the South Ash Pond are earth-fill embankments similar to those 
described above for the North Ash Pond.  The length of the embankment forming 
the north side levee is approximately 2917 feet.  The total length of the perimeter 
dam is approximately 9,489 feet.  The South Ash Pond also is completely 
enclosed by the perimeter dam and the does not receive surface runoff from 
outside the pond area.  The basic geometric features of the perimeter dam 
embankment are summarized in Table 2.1.   

 
According to MidAmerican, the geometry of the dam (excluding levee along 
Pony Creek) has not been altered since the South Pond was placed into service in 
1979.  A representative design section of the levee and dike embankments is 
shown in Exhibit 2.  However, the north levee embankment (along Pony Creek) is 
actually about 3 feet higher than shown on this section, and the east side dike 
embankment actually varies in elevation down to a low point of 973.8 feet on the 
south part of the dike.  As noted above, MidAmerican indicated that the USACE 
raised the Pony Creek levee in the early 1980s.  As shown in Exhibit 2, the design 
called for a 10-foot wide crest and 3 H to 1 V side slopes.  A representative design 
section of 189th Street (south entrance to plant) along the top of the west and south 
dikes of the South Ash Pond is shown in Exhibit 3.  As shown in this exhibit, the 
design called for a 20-foot wide gravel-surfaced roadway with 5-foot wide 
shoulders on either side along the dike crest; during the site visit the roadway was 
observed to be asphalt-paved.  The final design grades of the levee and dikes of 
the South Ash Pond are shown on the Finish Grade plans in Appendix C - Doc 
1.3.  However, as noted above the crest of the north side levee is actually about 3 
feet higher, and the crest of the south part of the east side dike is generally lower 
than shown on the Finish Grades plans.  A recent survey of crest elevations 
around the perimeter of the South Ash Pond is included in Appendix D - Item 2.   

 
The USACE is currently conducting a levee stabilization project, between the 
North and South Ash Ponds, by straightening and dredging Pony Creek.   
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2.4.2 Outlet Structures 
 

North Ash Pond – Water ponds in the eastern half of the basin and can be 
discharged through outlet works located near the east end of the south side levee 
of the North Ash Pond.  The outlet works consist of a concrete box with a 24-inch 
reinforced concrete pipe (RCP) conduit through the levee to discharge into Pony 
Creek.  The discharge pipe extends from the embankment to the bank of Pony 
Creek.  A sluice gate controls discharge through the outlet pipe.  A slide gate or 
stop-log panel fitted in guides at the inlet end of the grated open-top concrete box 
sets the typical operating level of water in the pond.  Water flows over the stop-
log panel and under a concrete skimmer wall to the inlet chamber where water 
would pass through a metering flume before entering the outlet pipe, if the sluice 
gate is open.  The outfall end of the pipe had a concrete end wall and a flap gate to 
prevent backflow of water into the pipe during flood stages in Pony Creek.  
However, the outfall section of the pipe has been detached but presumably will be 
replaced as the USACE completes dredging of Pony Creek.  Design details of the 
outlet structure are shown in Appendix C - Doc 1.5 and in-part in Exhibit 1.   

 
The water in the basin at the time of the site visit was estimated to be at elevation 
of 967.5 feet, which is 11.3 feet below the low point on the perimeter dam crest, 
but 5.5 feet above the typical operating pool elevation.  At the time of the site 
visit, the sluice gate of the outlet structure was closed and no discharge from the 
structure was observed. 

 
South Ash Pond – There is no outlet structure at the South Ash Pond.  Water is 
recycled to the plant and reused.  When the pool is at relatively high levels, as 
recently occurred due to unusually wet weather conditions, MidAmerican closely 
monitors the water level and curtails excess water being discharged into the pond.  
MidAmerican indicated that the “WSEC would consider in an emergency 
situation, to acquire a permit amendment” from the IA DNR “and divert some of 
the water from the South Ash Pond to the North Ash Pond by using portable 
pumps.”  

 
The level of water in the basin at the time of the site visit was estimated to be at 
elevation 970.8 feet, which is 3.0 feet below the low point on the dam crest. 
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2.5 CRITICAL INFRASTRUCTURE WITHIN FIVE MILES DOWN 
GRADIENT 

 
Using Google Maps dated 2010, no “critical” infrastructure was observed within a 5-mile down-
gradient radius.  “Critical” infrastructure includes facilities such as schools and hospitals.  There 
are 30 schools, 4 medical facilities, and 3 veterinary facilities located within the 5-mile radius, 
but all are located across the Missouri River or up-gradient to the north.  These facilities are 
noted on the 5-mile radius map included in Appendix C - Doc 1.1 of this report.   
 
In general, the land use surrounding the WSEC is agricultural and industrial.  Flood impacts 
from postulated failure of the ash pond dams at the WSEC would impact immediately adjacent 
properties and primarily impact Pony Creek or Mosquito Creek.  The stream distance to the 
Missouri River from the confluence of Pony Creek with Mosquito Creek at the ash ponds is less 
than ½ mile. 
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3.0 SUMMARY OF RELEVANT REPORTS, PERMITS AND INCIDENTS 
 

3.1 SUMMARY OF REPORTS ON THE SAFETY OF THE MANAGEMENT 
UNIT(S) 

 
The WSEC conducts internal quarterly inspections and informal daily inspections of the dam 
embankments; however, the inspections have not been documented and therefore no inspection 
reports were available for review.   
 
The levees bounding the North and South Ash Ponds along Pony Creek are a part of the Levee 
District of Pottawattamie and Mills Counties (P & M Levee District); the levee bounding the 
North Ash Pond along Mosquito Creek is part of the Levee District of Council Bluffs.  The levee 
districts are responsible for the embankments that form the flood-control levees.  The U.S. Army 
Corps of Engineers (USACE) assists the levee districts in the maintenance and inspection of the 
levees, as well as with design and construction of improvements, rehabilitation, or repair.  The 
USACE is currently conducting an improvement project along the Pony Creek reach between the 
two ash ponds.  It is understood from MidAmerican staff that a geotechnical study of the levees 
bounding the ash ponds along Pony Creek has been completed as part of the levee improvement 
project.  A report of the geotechnical study is currently under review by the USACE and the P & 
M Levee District and therefore could not be released for review in this assessment.  However, 
MidAmerican had a separate preliminary geotechnical study conducted for use in this 
assessment; the results of that study are summarized in Chapter 7.0 Structural Stability.   

  
3.2 SUMMARY OF LOCAL, STATE AND FEDERAL ENVIRONMENTAL 

PERMITS 
 

The WSEC is currently regulated under NPDES Permit No. 78-20-1-01 (see Appendix C - Doc 
1.6).  This permit was effective on February 27, 2003, amended October 16, 2006, and expired 
on February 26, 2008, according to the furnished documentation. 
 
The North Ash Pond is regulated for water quality by the IA DNR.  Groundwater 
monitoring/sampling is conducted at a number of points (water-quality wells) around the North 
and South Ash Ponds.  Water sampling at the outlet structure of the North Ash Pond is also 
conducted to monitor the quality of discharge that reaches Pony Creek, a tributary to Mosquito 
Creek, which is tributary to the Missouri River.   
 

3.3 SUMMARY OF SPILL/RELEASE INCIDENTS (IF ANY) 
 

North Ash Pond – There have been no reported spill/release incidents at this basin. 
  
South Ash Pond – There have been no reported spill/release incidents at this basin. 
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4.0 SUMMARY OF HISTORY OF CONSTRUCTION AND OPERATION 
 

4.1 SUMMARY OF CONSTRUCTION HISTORY 
 

4.1.1 Original Construction 
 

The original design of the WSEC surface impoundments was prepared by Black 
& Veatch Consulting Engineers.  The design drawings were sealed by a 
Professional Engineer, Robert A. DeCamp, and the drawings were issued for 
contract in March 1974.  The name of the contractor for construction is not 
available, and it is not known whether the basins were constructed under the 
supervision of a Professional Engineer.  Therefore, little is known of original 
construction, other than the two basins were constructed sometime between 1974 
and 1979, when the basins were placed into service.  The levees along Pony Creek 
and Mosquito Creek existed before construction of the ash basins; it is understood 
that the levees are designed for the 100-year flood.  The USACE provides 
assistance to the levee districts with levee design, construction, maintenance, and 
inspection issues.   

  
North Ash Pond –This pond was constructed around a smaller pre-existing incised 
pond (old borrow pit).  The ash pond was formed by constructing earth-fill 
embankments on the north and east sides; the north side dike tied-in to the 
existing west side levee along Mosquito Creek at the northwest corner, and the 
east side dike tied-in to the existing south side levee along Pony Creek at the 
southeast corner.  A design section shows that the south side levee along Pony 
Creek was to be raised “by others” (see Exhibit 1).  Finish Grades plans show that 
the finished top elevation was to be 980 feet all around the basin; this apparently 
was the elevation of the Pony Creek levee prior to its being raised “by others.”  
Approximately 80 percent of the basin area was excavated down to create storage 
space and to provide borrow soil for dike construction.  The planned bottom 
elevation was 948 feet, but it is not known if excavation actually extended down 
to that elevation, since the actual bottom elevation was to be field determined by 
earth-fill requirements.  The basin was not lined.  The Finish Grades plans show 
that four existing “seepage wells” 160 feet apart in a line along the inside toe 
(inside proposed basin) of the existing Mosquito Creek levee were relocated 
slightly to the east because that part of the levee alignment was revised for the ash 
pond construction at the southwest corner.  

 
South Ash Pond – This pond was also constructed around a smaller pre-existing 
incised pond (old borrow pit).  The ash pond was formed by constructing earth-fill 
embankments on the east, south, and west sides; the east side dike tied-in to the 
existing north side levee along Pony Creek at the northeast corner, and the west 
side dike tied-in to the existing north side levee along Pony Creek at the northwest 
corner.  There is no design section showing that the north side levee was to be 
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raised “by others,” as was done for the south side levee for the North Ash Pond, 
but it evidently was raised.  The crests of the dikes on the south and west sides 
were made 30 feet wide to accommodate a roadway  and shoulders for the south 
entrance (189th Street) to the plant   The interior of this basin area was also 
excavated down to create storage space and to provide borrow soil for dike 
construction.  The planned bottom elevation was 961 feet, but it is not known if 
excavation actually extended down to that elevation, since the actual bottom 
elevation was to be field determined by earth-fill requirements.  This basin was 
not lined.  

   
4.1.2 Significant Changes/Modifications in Design since Original 

Construction 
 

The alignment of the SIRE rail line to a new ethanol plant to the south was 
constructed within the ash ponds.  The rail line runs north-south along the west 
part of the ash ponds.  The rail line was constructed on an earth-fill embankment.  
Culverts through the embankment allow drainage from the west side to the east 
side.  

   
A modification in the South Ash Pond involved reconfiguring the flume to the re-
circulation pump structure.  The flume was shortened and re-aligned, which 
primarily involved removing an embankment that extended along the former 
flume.  
 
4.1.3 Significant Repairs/Rehabilitation since Original Construction 

 
There have been no significant repairs/rehabilitation made to the ash ponds since 
the original construction.  As previously mentioned, the USACE is currently 
conducting a levee stabilization project, between the North and South Ash Ponds, 
by straightening and dredging Pony Creek.   
 

4.2 SUMMARY OF OPERATIONAL HISTORY 
 

4.2.1 Original Operational Procedures 
 

The furnished documents do not include the original operational procedures.  
However, it is presumed that original operation was much as it is today with 
respect to the manner in which the ash is transported and disposed, i.e., by 
sluicing with water into the basins where the ash particles are allowed to settle 
out.  In the North Ash Pond water was discharged through the outlet structure to 
Pony Creek after assurance that the water met permit requirements.  Carbon 
dioxide (CO2) was infused with the water at the inlet chamber to adjust pH prior 
to discharge.  As in current operation at the South Ash Pond, the water was re-
circulated back to the plant for reuse as sluice water for the boiler Unit 3.  The 
inlet flume to the re-circulation pump was contained between the inside slope of 
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north side levee and a long interior dike embankment parallel to the levee.  It also 
appears that at least one other interior finger dike was used as a baffle, to direct 
circulation within the basin away from the inlet flume.  

  
4.2.2 Significant Changes in Operational Procedures since Original Startup 

 
No documents were provided to indicate that basic operational procedures have 
significantly changed since original startup.  However, fly ash is no longer sent to 
the North Ash Pond; the wet disposal of fly ash was discontinued on December 
31, 2007.  All fly ash now is captured in silos and is sold for beneficial reuse or 
sent to an ash monofill.  Mining of the C-Stone, or solidified fly ash, from the 
North Ash Pond for beneficial reuse was started at an undetermined time after 
substantial cemented fly ash had accumulated in the basin.  

 
4.2.3 Current Operational Procedures 

 
The North Ash Pond is operated and monitored for water quality under an 
approved NPDES permit.  As previously discussed, water is not discharged from 
the South Ash Pond but is recycled back to the plant for reuse.  If there ever is a 
need to remove water from the South Ash Pond, it would be done with portable 
pumps discharging to the North Ash Pond after obtaining a temporary discharge 
permit from the IA DNR.  Current operational procedures are discussed in more 
detail in Section 8.1 Operational Procedures.  

 
4.2.4 Other Notable Events since Original Startup 

 
The surface impoundments at the WSEC have been determined to be one of only 
two breeding grounds in the state of Iowa for two bird species, one of which is 
listed as endangered and the other listed as threatened.  MidAmerican 
environmental personnel have developed and implemented a conservation and 
management plan for the protected species, which has some impact on operations 
at the ash ponds.  See discussion of Least Tern and Piping Plover Conservation 
Management Plan in Section 8.1 Operational Procedures.   
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5.0 FIELD OBSERVATIONS 
 

5.1 PROJECT OVERVIEW AND SIGNIFICANT FINDINGS 
 

Dewberry personnel Frederic C. Tucker, PE and Mark Hoskins, PE collected available data and 
documents and made field observations during a site visit on September 15, 2010, in company 
with the participants listed in Section 1.3.  The design engineer of record for North Ash Pond and 
South Ash Pond was not present or available to assist with answering questions about these 
basins.   
 
The site visit began at 9:30 AM.  Weather conditions during the visit were 80 degrees 
Fahrenheit, sunny, and dry.  Photographs were taken of conditions observed.  Photographs 
referenced below are contained in Appendix A and Field Observation Checklists are included in 
Appendix B.   
 
The overall visual assessment is that the earthen embankments that impound the North 
Ash Pond and the South Ash Pond are in relatively good condition.  No visual signs of 
imminent instability or inadequacy of the principal structures at these basins that would require 
emergency remedial action were observed.  No evidence of past repairs was observed.  
Observations of note include: 
 

• Slough on outside slope of levee on north side of South Ash Pond (see Photos S.14,S.15); 
• Dip in crest and low section on south part of dike embankment on east side of South Ash 

Pond (see Photos S.19, S.21); 
• Broken end section of outlet pipe from the North Ash Pond tossed up onto the north Pony 

Creek bank (see Photos O.3, O.4); 
• Wave erosion and steep slope angle just above water line on inside slope, particularly 

around northeast corner of both ash ponds (see for example Photos N.11, N.12, N.25, S.7 
in distance, S.15 in background); 

• Trees and woody vegetation on outside slope of dike embankment on north side of North 
Ash Pond (see Photos N.20 – N.23); 

• Gravel (C-stone) sediment in overflow structure at entrance to outfall pipe at North Ash 
Pond (see Photo O.1);  

• Thick bromegrass and tall weeds, such as sunflowers, golden rod, etc. generally covering 
embankment slope surfaces (see Photos N.11, N.12, N.21, N.22, N.37, N.39, S.9, S.11, 
S.12, etc.); and 

• A small erosion gully formed adjacent to the outside slope of the dike on the north side of 
the North Ash Pond, near the railroad spur close to northwest corner (see Photo N.17). 

 
It was observed that soils have been exposed along Pony Creek due to the recent USACE 
dredging/straightening project.  Due to the thick vegetative growth, embankment slope surfaces 
were generally too obscured to allow close observation.  However, no obvious indications of 
stability problems were observed, except for the slough (Photos S.14, S.15) on the outside slope 
of the levee on the north side of the South Ash Pond, where the USACE dredged portions of 
Pony Creek.  MidAmerican had offered to place riprap on this sloughed area and was asked to 
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delay and allow the USACE project to continue when water elevations drop.  The increased 
rainfall had kept creek elevations high through the 2010 summer. 
 
Along the North Ash Pond the Interstate 29 drainage swale held about a foot of water in the 
lowest part during the September 15th site visit (see Photos N.29 and N.30).  It appeared that 
trees had been cut to clear out this swale and some tire tracks were evident.  The cut trees were 
not removed from the swale.  There were no other significant wet areas evident adjacent to the 
outside toes of the perimeter dikes around the North and South Ash Ponds. 
 

5.2 NORTH ASH POND 
 

5.2.1 Embankment Dam and Basin Area 
 

Crest 
 

The area immediately adjacent to the west side of the pool of water in the North 
Ash Pond includes the C-stone mining area and the SIRE railroad embankment, 
but the western limit of the ash pond is the levee along Mosquito Creek.  The 
crest around all sides of the North Ash Pond is accessible with automobiles.  
 
Typical views of the crest around the North Ash Pond include: 
West embankment:  Photos N.13, N.47, N.49 
East embankment:   Photos N.26, N.32, N.34, N.38 
North embankment: Photos N.11, N.12 
South embankment: Photos N.39-N.41, N.43  
 
No major depressions, sags, tension cracks or other signs of significant settlement 
or mass soil movement were observed.  No tension cracks which might suggest 
soil shear failure were observed in the crest or along the edge of the crest. 

 
Outside Slope and Toe 

 
The outside slopes and toe areas are generally vegetated with bromegrass and 
weeds along all sides; the north outside slope also has a few trees and some 
woody vegetation.  The swale area on the east side has some brush and tall weeds, 
including some wetland vegetation.  The south side toe area is the north bank of 
Pony Creek.  Pony Creek is being improved from a USACE 
straightening/dredging project that is not yet completed. 
 
Typical views of the outside slope and toe around the North Ash Pond include: 
West embankment and Mosquito Creek:  Photos N.1-N.4, N.14 
East embankment:   Photos N.26, N.28-N.31, N.35, N.38, N.42 
North embankment: Photos N.15-N.24 
South embankment and Pony Creek: Photos N.39, N.41, N.43 
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No areas of significant erosion were observed.  There was gully erosion evident 
for a small section of the north side outside slope in groin at the railroad spur 
(Photo N.17).  No obvious signs of slumps, slides, bulges, tension cracks, 
seepage, or animal holes were observed. 

 
The Interstate 29 drainage swale on the east side was holding water about midway 
along the swale in the toe area next to the outside slope (Photo N.29 and N.30).  
This area does not appear to be seepage related.  No active erosion was observed 
along the swale.   

 
Inside Slope and Basin Area 

 
The inside slopes of the North Ash Pond are covered with bromegrass and tall 
weeds in patches and do not show signs of sloughing; some general wave erosion 
was observed along the waterline, which appeared more severe in the northeast 
corner of the pond, as previously noted.  No other significant erosion was noted 
on the inside slopes.  The north inside slope is steep near the edge of water.  The 
west dike (Mosquito Creek levee) is set back several hundred feet from the edge 
of water.  The railroad spur was built between the water and the west levee.  
Culverts were placed under the railroad embankment to allow water to pass under 
the railroad but were not passing water at the time of the site visit.  C-Stone is 
excavated for beneficial reuse in portions of the North Ash Pond.   
 
There is also a bird sanctuary for portions of the North Ash Pond and 
MidAmerican has been careful to protect areas of the pond to allow the birds to 
migrate and nest during several months of the year. 
 
Typical views of the inside slope and toe and other features around and within the 
North Ash Pond include: 
West embankment: Photos N.46, N.48-N.49 
Railroad embankment: Photo N.44  
East embankment: Photos N.25, N.27, N.34, N.36, N.38 
North embankment: Photos N.11, N.12  
South embankment: Photos N.37, N.40 
Basin Area: Photos: N.5-N.10 
Sluice Discharge Area: Photos N.45-N.45.d 
 
No slumps, slides, or other signs of shear failure were observed in the visible parts 
of the slopes above the water level.  The surface of the exposed ash fill is 
generally maintained free of vegetation, except for minimal scrub vegetation in 
most areas, as this is the kind of habitat preferred by the protected birds; however, 
the area surrounding the sluiced discharge is generally covered with a relatively 
thick growth of small trees and underbrush.   
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Abutments and Groin Areas 
 

There are no abutments, and the only groins are those formed where the railroad 
embankment intersects the perimeter dike.  Gully erosion was observed in the 
east-side groin on the outside slope of the dike embankment on the north side of 
the North Ash Pond (Photo N.17).  No other erosion, or displacements, or seepage 
was observed at these groins. 

 
5.2.2 Outlet Structures 

 
Overflow Structure 

 
The overflow structure for the North Ash Pond is located near the southeast 
corner of the pond.  The structure is shown in Photos N.33, O.1-O.4.  The outfall 
structure is a grated concrete rectangular weir inlet box.  The concrete box 
overflow structure surrounding the inlet end of the discharge pipe was observed to 
be in good condition, although there appears to be C-stone gravel filling and 
blocking some of the box structure, which has a concrete skimmer wall that 
extends down to within 3 feet of the bottom of the structure, according to 
furnished design drawings; rough measurements made on the inside of the 
skimmer wall in the field suggests that the gravel sediment may be blocking the 
bottom 2 feet of the 3-foot opening below the skimmer wall.  The outfall pipe is a 
24-inch diameter RCP; the end section, including end wall and flap gate appeared 
to have been excavated during the USACE Pony Creek dredging/straightening 
project (Photo O.4). 
 
Outlet Conduit 

 
As noted above, the outlet conduit is a 24-inch diameter RCP that has a damaged 
end section.  None of the pipe was visible, except for the damaged end section, 
which was lying on the creek bank.  The sluice gate at the inlet end of the pipe 
was closed and water was not flowing through the pipe during the site visit.  
There are no other outfalls for the North Ash Pond. 

 
Emergency Spillway (If Present) 

 
There is no emergency spillway. 

 
Low Level Outlet 

 
There is no low level outlet. 
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5.3 SOUTH ASH POND 
 

5.3.1 Embankment Dam and Basin Area 
 

Crest 
 

The area immediately adjacent to the west side of the pool of water in the South 
Ash Pond includes the SIRE railroad embankment, but the western limit of the 
ash pond is the original west dike and plant yard and building pad areas.  The low 
area between the railroad embankment and the west side does not receive sluiced 
ash.  The crest around all sides of the South Ash Pond is accessible with 
automobiles.  

 
Typical views of the crest around the South Ash Pond include: 
West embankment: Photo S.27 
East embankment: Photos S.13, S.18, S.19, S.21 
North embankment: Photos S.9, S.11 
South embankment: Photos S.22 
 
No major tension cracks or other signs of shear failure or mass soil movement 
were observed on the crest.  The dike crest on the south part of the dike on the 
east side of the pond is significantly lower than design (Photos S.19, S.21), as 
discussed in some detail elsewhere in this report; the reason for this very low 
section is currently unexplained.  There was one deep rut within the asphalt-paved 
roadway on the south side dike, which appeared to be a subgrade failure as a 
result of heavy truck traffic.   

 
Outside Slope and Toe 

 
The outside slopes and toe areas are generally covered with grass and weeds 
along the north, east, and south sides with no areas of significant erosion.  The 
swale between the east side dike embankment and the I-29 roadway embankment 
is generally covered with a growth of tall weeds, bushes and some small trees.  
On the west side the outside area is largely plant yard  and building pad areas with 
little or no slope down from crest elevation.  As previously mentioned, Pony 
Creek is currently being improved under the USACE’s charge.  There is a 
significant slough on the outside slope of the levee on the north side adjacent to 
Pony Creek (Photo S.14, S.15). 
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Typical views of the outside slope and toe around the South Ash Pond include: 
West embankment: Photo S.27 (visible in background) 
East embankment: Photos S.13, S.18 
North embankment: Photos S.10, S.12, S.14, S.15, S.17 (Drainage structure from 

         E. swale) 
South embankment: Photo S.24 
 
Except for the Pony Creek sloughing there are no other obvious signs of slumps, 
slides, bulges, tension cracks, seepage, or animal holes in the outside slope. 

 
Inside Slope and Basin Area 

 
The inside slopes of the South Ash Pond are covered with grass and some tall 
weeds and do not show signs of sloughing; as in the North Ash Pond, some 
general wave erosion was observed along the waterline, which also appeared 
more severe in the northeast corner of the pond.  No other significant erosion was 
noted on the inside slopes.  The north inside slope of this basin also is steep near 
the edge of water.  The original west side is set back a couple of hundred feet 
from the edge of water.  The railroad spur was built between the water and the 
west slope of the basin.  Culverts were placed under the railroad embankment to 
allow water to pass under the railroad but were not passing water at the time of 
the site visit.  
 
Typical views of the inside slope and toe and other features around and within the 
South Ash Pond include: 
West side slope and area between west side and railroad embankment:  

                         Photos S.5-S.6, S.27 
Railroad embankment: Photos S.4, S.26 
East embankment: Photos S.19, S.21 
North embankment: Photos S.8, S.10, S.11, S.16 
South embankment: Photos S.20, S.22-S.23, S.25 
Basin Area: Photos: Photos S.1, S.1.a, S.2 
Sluice and Drain Line Discharge Area: Photos S.3-S.4 
Pump Structure: Photo S.4 
 
No slumps, slides, or other signs of shear failure were observed in the visible parts 
of the slopes above the water level.  The surface of the exposed ash fill is 
generally bare.   

 
Abutments and Groin Areas 

 
There are no abutments and the only groins are those formed where the railroad 
embankment intersects the perimeter dike.  No significant erosion, displacements, 
or seepage was observed at these groins. 
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5.3.2 Outlet Structures 
 

Overflow Structure 
 

There is no gravity-flow outlet structure at the South Ash Pond.  The water level 
is regulated by the amount of inflow to the pond and the amount of water pumped 
back to the plant from the pond for reuse.  The only discharge point permitted by 
the IA DNR is the outfall from the North Ash Pond. 

 
Outlet Conduit 

 
There is no outlet conduit. 

 
Emergency Spillway (If Present) 

 
There is no emergency spillway. 

 
Low Level Outlet 

 
There is no low level outlet.
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6.0 HYDROLOGIC/HYDRAULIC SAFETY 
 

6.1 SUPPORTING TECHNICAL DOCUMENTATION 
 

6.1.1 Floods of Record 
 

Both ash ponds are totally contained within perimeter dikes and do not receive 
off-site natural drainage.  Therefore, they do not receive flood inflows from off-
site.  The source of water into the ponds is sluice water, plant drainage and 
precipitation that falls directly into the basins.  Historic climate data available on-
line from the High Plains Regional Climate Center indicate that the record 24-
hour (1 day) precipitation in the area (Omaha Eppley Airfield) was 6.46 inches on 
August 7, 1999 for the period of record 1948 to 2010.  (This record holds also for 
the period of record 1871 to 2010 for the Omaha area in the NOAA Online 
Weather Data.)  Hearsay evidence from MidAmerican staff is that, due to the very 
wet weather conditions occurring in recent months, the water levels in the ash 
ponds have been at the highest levels they have seen.  The water level in the 
South Ash Pond was at a record level at about 2.0 feet below the low point on the 
crest.  The record water level in the North Ash Pond is unknown, but still had 
substantial freeboard even with the record rainfall this year.  MidAmerican has 
indicated that flow in the Missouri River was at a record 30-year high level this 
year at a location just a few miles north of the plant, according to the USACE 
website. 

 
6.1.2 Inflow Design Flood 

  
The ash ponds at the WSEC do not receive uncontrolled inflows from off-site (at 
least not inflows up to the 100-year flood).  MidAmerican representatives stated 
that the WSEC plant is designed to be protected against the 100-year flood.  In 
fact, the more significant hydrologic issue with the ash ponds is not overtopping 
of the perimeter dikes by impounded water, but overtopping of the dikes (levees) 
by flood waters in Pony Creek and/or Mosquito Creek into the basins.  It is 
understood from MidAmerican personnel that the levees which bound the south 
and west sides of the North Ash Pond and the north side of the South Ash Pond 
are to provide protection against the 100-year (1% annual chance) flood under the 
standards of the levee districts.  Thus, flooding events greater than the 100-year 
flood could produce flood water in Pony Creek that would overtop the levees and 
inundate both ash ponds and/or could produce flood water in Mosquito Creek that 
would overtop the levee on the west side of the North Ash Pond.   

 
For ash ponds that are totally contained within a perimeter dike system, such as 
the ash ponds at the WSEC, safe containment of water within the basins is 
provided by maintaining sufficient freeboard to contain 100 percent of 
precipitation over the basin area from the appropriate design storm.  In this case, 
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based on the 100-year flood design of the levees, the appropriate design storm for 
containing 100 percent of precipitation over the basin areas is bounded by the 
100-year storm.  Based on the Intermediate Size Classification and Low Hazard 
Potential Classification assigned to both of the ash ponds (see Section 2.2 of this 
report), the “spillway design flood” (SDF) criterion is 100-year flood to ½ 
probable maximum flood (1/2 PMF), according to USACE ER 1110-2-106 
(September 26, 1979).For these basins with only uncontrolled inflow as 
precipitation, this criterion can be taken as 100-year precipitation (P100) to ½ 
Probable Maximum Precipitation (½ PMP).  By Iowa Department of Natural 
Resources´ “Design Criteria and Guidelines for Iowa Dams” (December 1990), 
for “low hazard dams” not classified as “major structures,” the design rainfall 
(RD) = P100 + 0.12 (PMP – P100).  From “Iowa Precipitation Frequencies” 
(1988): P100 = 6.7 inches (24-hour duration); PMP = 32.5 inches (all season, 24-
hour duration, 10 sq. mi.); and RD = 9.8 inches, which is within the USACE 
criterion; this design rainfall can be taken as the design “inflow” that the ash 
basins should safely accommodate.  

 
6.1.3 Spillway Rating 

 
No spillway rating was provided for the outlet works at North Ash Pond.  As 
previously described, there is no outlet at the South Ash Pond.  It is noted that 
there is no need for a spillway rating for the outlet works at the North Ash Pond in 
assessing hydrologic/hydraulic safety during major flooding events, since flow 
out of the North Ash Pond through the outlet works would not be significant and 
eventually not possible as the stage of water flow during flood in Pony Creek 
builds and exceeds the water level in the ash pond. 

 
6.1.4 Downstream Flood Analysis 

 
No downstream flood analysis has been provided for the ash ponds.  A qualitative 
analysis based on field observations and review of available data is as follows: 

 
The most likely flood scenario for both ash ponds is inundation of the ponds by 
extreme flooding (greater than 100-year flood) in Pony Creek.  During such a 
flood the levees that bound the ash ponds on each side of Pony Creek would be 
overtopped, allowing flood water to enter the basins and potentially fill them to 
the top of the lower dikes that enclose the other sides of the basins.  Extreme 
flooding (greater than 100-year flood) in Mosquito Creek would likewise overtop 
the levee that bounds the west side of the North Ash Pond.   
 
If the basins are filled with flood water, the lower dikes that enclose the other 
sides of the basins would be overtopped at the low points on their crests.  At the 
South Ash Pond this would most likely occur at the low section of the south part 
of the dike on the east side; flood water would spill into and inundate the drainage 
swale between the east dike and the I-29 southbound roadway embankment, then 
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flow to the south to a drainage ditch and adjacent land (ethanol plant site) on the 
south side.  The immediately adjacent part of the ethanol plant site is a low area 
overgrown with bushes and small trees.  The interstate roadway embankment 
appeared to be higher than the dike, particularly near the south end of the bridge 
over Pony Creek.   
 
At the North Ash Pond overtopping would occur practically anywhere along the 
dikes on the east and north sides.  Flood water overtopping the east dike would 
spill into and inundate the drainage swale between the east dike and the I-29 
southbound roadway embankment, then flow to the north to a drainage ditch and 
adjacent farmland on the north side.  The roadway embankment along this section 
appeared to be higher than the dike near the north end of the bridge over Pony 
Creek but lower where it parallels the north part of the dike.  Flood water 
overtopping the north dike would spill onto the farm road along the dike toe and 
to the drainage ditch and adjacent farmland along the north side.  Overtopping of 
the west levee by flood water in Mosquito Creek would inundate the space 
between the levee and the railroad embankment in the North Ash Pond.   
 
The overtopped levees and dikes could be breached or partially breached, causing 
release of some of the originally impounded water through the breaches when the 
flood water recedes.  Some ash would likely be eroded and transported with the 
water flowing out of the basins through the breaches.  Owing to the cemented 
nature of at least the upper, exposed deposits of the fly ash in the North Ash Pond, 
it is likely that little of this material other than some gravel-sized, detached pieces 
would be moved out of the basin.  Some of the bottom ash, which is cohesionless, 
in both basins could potentially be transported out of the basins and be deposited 
in the adjacent drainage swales and farmland and along Pony Creek and Mosquito 
Creek to the Missouri River less than ½ mile away.   
 
In short, the downstream flood risk posed by the ash ponds is not significant 
compared to the flood risk posed by Pony Creek and Mosquito Creek.  In 
addition, the downstream areas along Pony Creek and Mosquito Creek from the 
ash ponds to the Missouri River are confined to MidAmerican property, although 
any peripheral breaches in the dikes could potentially impact adjacent farmland to 
the north and part of the ethanol plant site to the south.   
 
MidAmerican has indicated that overtopping of flood water from the creeks into 
the ash ponds is considered to be very low risk, since the design high water 
elevation based on the 100-year flood insurance study is 975.1 feet and the 
minimum top elevation of the levee (along Pony Creek) is 982 feet.  
MidAmerican has further indicated that they would work with the local USACE 
District and the levee districts to assist in emergency response to shore up Pony 
Creek and Mosquito Creek in the unlikely event of flood water threatening to 
overtop the levees. 
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6.2 ADEQUACY OF SUPPORTING TECHNICAL DOCUMENTATION 
 

No hydrologic/hydraulic analyses are available for the ash ponds.  However, rigorous 
analyses are not needed for evaluation of hydrologic safety of these basins, which are 
totally contained within perimeter dike systems and do not receive off-site drainage.  
Simple calculations as discussed in the following section are sufficient.  Off-site storm 
water can enter the basins only if the flood-protection levees along Pony Creek and 
Mosquito Creek are overtopped during major flood exceeding the 100-year flood.  The 
levee districts and/or USACE presumably have technical documentation supporting the 
100-year design of the flood-protection levees. 

 
6.3 ASSESSMENT OF HYDROLOGIC/HYDRAULIC SAFETY 

   
The North Ash Pond has a reported freeboard of 18 feet between the normal operating 
pool level and the perimeter dike crest elevation, and the South Ash Pond has a reported 
freeboard of 4 feet.  From simple calculations both ash ponds have sufficient flood 
storage capacity between normal operating pool levels and the dike crest elevations to 
safely accommodate a design rainfall of 9.8 inches (0.82 feet), which is between the 100-
year precipitation and ½ PMP and in accord with the Iowa Department of Natural 
Resources´ criterion.  In fact, both ash ponds can accommodate much higher rainfalls.  It 
appears that the North Ash Pond could accommodate the full PMP (32.5 inches), even 
considering interior drainage from high areas to low areas with area ratios up to 6; and it 
appears that the South Ash Pond could accommodate ½ PMP (16.25 inches), similarly 
considering interior drainage from high areas to low areas with area ratios up to about 3.  
Thus, the hydrologic safety of the ash ponds is more controlled by the potential for 
external flooding into the ash basins rather than overtopping of water impounded within 
the basins.  The hydrologic safety of the ash ponds is reliant on the flood-protection 
levees, which are required by the levee districts to provide protection up to the 100-year 
flood.  This is at the lower limit of the USACE criterion for the size and hazard potential 
classifications assigned to the WSEC ash ponds.   
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7.0 STRUCTURAL STABILITY 
 

7.1 SUPPORTING TECHNICAL DOCUMENTATION 
  

7.1.1 Stability Analyses and Load Cases Analyzed 
 

North Ash Pond Dike and South Ash Pond Dike – No stability analyses appear to 
have been performed for the ash pond dikes during original design studies 
performed prior to issue of the contract documents in 1974.  As previously 
mentioned, a geotechnical study of the levees bounding the North and South Ash 
Ponds along Pony Creek has been completed as part of the levee improvement 
project being conducted by the USACE, but the report of that geotechnical study 
is currently under review by the USACE and the P&M Levee District and 
therefore could not be released for review in this assessment.  However, 
MidAmerican engaged Terracon Consultants, Inc, (Terracon) to perform a 
preliminary geotechnical study of the ash pond dikes under MidAmerican’s 
responsibility at both the North Ash Pond and the South Ash Pond, to provide 
geotechnical data and stability analysis results for use in this assessment.  The 
results of that study are presented in Terracon’s Geotechnical Engineering Report, 
dated October 22, 2010, included in Appendix D - Item 3 for reference.  The field 
exploration program included 5 test borings, including both disturbed and 
relatively undisturbed soil samples, and 3 supplementary electric-cone soundings 
at eight selected locations on the crest of the perimeter dikes on the south and east 
sides of the South Ash Pond and east and north sides of the North Ash Pond.  
Standard penetration testing (SPT) was performed in granular soils and calibrated 
hand penetrometer tests were performed on cohesive samples.  Laboratory tests 
were performed on both the disturbed and relatively undisturbed samples to 
determine classification and engineering properties and parameters of the dike 
embankment fill, and foundation soils.  The laboratory tests included 
determinations of: moisture content, dry density, Atterberg limits (plasticity), 
grain size distribution, unconfined compressive strength, and triaxial shear 
strength (both Unconsolidated Undrained and Consolidated Undrained).  Seven 
critical cross sections of the perimeter dikes were selected for global stability 
analyses.  The geometry of the sections was taken from previous survey by HGM 
Associates, Inc. (HGM).  Slope stability analyses of both the inside (upstream) 
and outside (downstream) slopes were performed for the following cases: 
 

• Static stability under steady-state seepage conditions with a maximum 
operating pool elevation of 970.0 feet for the North Ash Pond and 971.3 
feet for the South Ash Pond, and 

• Seismic stability (pseudo-static method) using a horizontal seismic 
coefficient of 0.0428 and vertical seismic coefficient of zero, also 
assuming maximum operating pool elevations in the ash ponds. 
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Four of the critical cross sections occur on the perimeter dike at the South Ash 
Pond (Sections A-A, C-C, E-E, and F-F in the geotechnical report); three occur on 
the perimeter dike at the North Ash Pond (Sections L-L, M-M, and O-O in the 
geotechnical report).   
 
Static stability under “undrained” conditions for the soils was not analyzed, as 
Terracon did not believe that undrained shear strength of the soils was a valid 
state after the many years the dikes have been in place.  Terracon indicated that 
the “drained” shear strengths used for the cohesive soils in the embankment and 
foundation took into consideration long-term strain softening; therefore the design 
shear strength parameters selected for use in the analyses are lower than the 
parameters given by “peak” strengths from the consolidated undrained triaxial 
tests that were performed.  Terracon also indicated that the rapid draw-down case 
for the upstream slope also was not analyzed because there is no mechanism for 
rapidly withdrawing water from the ash ponds.   
 
The seismic stability analysis using the pseudo-static method was indicated to be 
run at 2/3 of the design ground acceleration.  Terracon interpreted the peak 
ground acceleration at the project site to be 0.0455g from the 2008 USGS 
Earthquake Hazard Maps for 2 percent probability of exceedance in 50 years. 
 
The slope stability analyses were performed using the computer program 
SLOPE/W developed by Geoslope Inc.  In the static stability analysis for steady 
state seepage conditions factors of safety were computed for potential circular arc 
rotational failures to search for the failure arc with lowest factor of safety.  
Similarly, the seismic (pseudo-static) stability analysis was performed.  The 
computer program used the Morganstern-Price method to calculate the critical 
failure surfaces.  The results are presented in Terracon’s Geotechnical 
Engineering Report in Appendix D - Item 3 and summarized in Subsection 7.1.4.  
 
No other potential failure modes were analyzed or evaluated, such as seepage 
uplift (high exit gradients) at the embankment toe due to underseepage, or 
liquefaction potential during seismic shaking. 

 
7.1.2 Design Properties and Parameters of Materials 

  
North Ash Pond Dike and South Ash Pond Dike – The borings and cone probes 
made by Terracon indicate that the dike embankments consist predominantly of 
fat clay underlain by a foundation soil profile consisting of an upper layer of fat 
clay and a lower layer of silty sand of undetermined depth; the borings were 
typically terminated in the silty sand at depths of 50.0 feet, except in Boring B-2, 
which was still in the fat clay at the 50-foot termination depth.  The upper fat clay 
layer below the embankment in the two borings (B-1 and B-2) made in the South 
Ash Pond perimeter dike is quite thick (25.5 feet to more than 40.0 feet) 
compared to the fat clay foundation soil layer thickness (4.5 feet to 6.5 feet) 
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penetrated in the three borings (B-4, B-5, and B-6) made in the North Ash Pond 
perimeter dike.  In addition, the thick fat clay layer becomes progressively softer, 
ranging from stiff or very stiff in the upper part of the layer to very soft in the 
lower part of the layer.  The relative density of the underlying silty sand layer 
ranges from loose to dense but is typically medium dense.  Table 7.1 shows the 
design properties and parameters used in the analysis sections.  Specific design 
data for each section are shown on the analysis sections contained in Terracon’s 
Geotechnical Engineering Report in Appendix D - Item 3.  
  

Table 7.1: Design Properties and Parameters of Materials used in 
Analyses 

Material 
Total Unit 
Wt. (pcf) 

  
Drained Strength Parameters 

    
C´ (psf) Ø´ (deg) 

Embankment Fill 120 50 26 
Fat Clay Foundation Soils 120 50 26* 
Silty Sand 125 0 29 

*20º used for soft and very soft clay layers below elevation 950 feet.  See Terracon’s report in 
Appendix D - Item 3 for source of information in this table. 
 
7.1.3 Uplift and/or Phreatic Surface Assumptions 

 
North Ash Pond Dike and South Ash Pond Dike – The phreatic surface or 
piezometric level in the embankment slope stability analysis sections appears to 
have been based on maximum operating pool level on the inside and seepage line 
cropping out at or near the outside toe, with piezometric level varying linearly 
through the embankment between the inside and outside water levels. 
 
From visual observations in the field, the phreatic surface did not appear to crop 
out on the outside slopes of the perimeter dikes under the higher than normal pond 
water levels existing at the time of the site visit, although wet soil conditions were 
noted in the swale on the east side of the perimeter dikes, between the dikes and 
the I-29 embankment.  The above noted phreatic surface assumption is consistent 
with this observation. 

  
7.1.4 Factors of Safety and Base Stresses 

 
North Ash Pond Dike and South Ash Pond Dike – The computed factors of safety 
for the various sections analyzed for static stability and for seismic (pseudo-static) 
stability are shown in Table 7.2 and Table 7.3, respectively. 
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*For deep-seated potential failure surfaces that extend to the crest; shallow surfaces near toe may 
be lower.  See Terracon’s report in Appendix D - Item 3 for source of information in this table.  

 
The U.S. Army Corps of Engineers (USACE) recommended minimum FS 
criterion is 1.0 for seismic stability. 
 
 

 
 
 
 

     
 
  
 
 
 
 
 

 
   

  
 

*For deep-seated potential failure surfaces that extend to the crest; shallow surfaces near toe may 
be lower.  See Terracon’s report in Appendix D - Item 3 for source of information in this table.  

 
The USACE recommended minimum FS criterion is 1.0 for seismic stability. 

 

Table 7.2: Static Stability Factors of Safety (Steady State Seepage) 

 
Location 

 
Section 

Calculated Minimum Factor of Safety (FS)* 

Upstream Slope Downstream Slope 

South Ash Pond 
Perimeter Dike 

A-A 1.73 1.79 
C-C 1.50 1.82 
E-E 4.05 2.20 
F-F 1.66 1.64 

North Ash Pond 
Perimeter Dike 

L-L 1.70 1.61 
M-M 1.74 1.87 
O-O 1.57 1.64 

Table 7.3: Seismic (Pseudo-Static) Stability Factors of Safety (Seismic 
Coefficients = 0.0428 Horiz. & 0 Vert. ) 

 
Location 

 
Section 

Calculated Minimum Factor of Safety (FS)* 

Upstream Slope Downstream Slope 

South Ash Pond 
Perimeter Dike 

A-A 1.52 1.57 
C-C 1.39 1.6 
E-E 2.42 1.82 
F-F 1.45 1.44 

North Ash Pond 
Perimeter Dike 

L-L 1.50 1.40 
M-M 1.49 1.60 
O-O 1.39 1.46 
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7.1.5 Liquefaction Potential 
 

No liquefaction potential analyses for the dike embankments that impound the ash 
ponds were performed in Terracon’s preliminary geotechnical study.  Such 
analyses may have been performed in the geotechnical study of the Pony Creek 
levees for the USACE and P&M Levee District, but that study is currently not 
available for review.  Limited available subsurface information from the Terracon 
preliminary geotechnical study shows that the silty sands underlying the fat clay 
foundation soils typically have medium dense relative density although pockets of 
loose relative density are present.  The lowest standard penetration test (SPT) 
resistance obtained in the loose silty sand pockets was 6 blows per foot.  Thus, 
overall the silty sand foundation soils do not appear to be susceptible to 
liquefaction under the low earthquake intensities expected in the region; even 
though the loose pockets of silty sand probably would be marginally susceptible 
to liquefaction under strong earthquake shaking.  

 
7.1.6 Critical Geological Conditions and Seismicity 

 
The ash ponds were developed on alluvial bottomlands next to the Missouri 
River.  The Terracon report relates that the Soil Survey of Pottawattamie County, 
Iowa

 

 indicates the mapped soil type (applicable to relatively shallow depths in the 
profile, typically 6 feet or less) in the area is Albaton Silty Clay, which formed on 
clayey alluvium, is poorly drained, is occasionally flooded, and has a seasonally 
high water table depth of 0 to 12 inches.  From the test boring data in the Terracon 
report, the virgin site soils underlying the dike embankments consist of cohesive 
soils underlain by granular soils.  The cohesive soils consist of very stiff to very 
soft fat clays and the underlying granular soils consist of loose to dense silty fine 
sands.  Potential critical conditions often associated with cohesive alluvial soils 
are high compressibility and low shear strength, particularly if they are 
geologically recent deposits.  Fat clays also have high shrink-swell potential 
related to changes in moisture content.  Potential critical conditions often 
associated with alluvial sands are loose or very loose relative densities and the 
potential for liquefaction and, with respect to impounding structures, high 
permeability and the potential for excessive underseepage or high exit gradients.  
The shear strength (stability) issues are addressed in Terracon’s engineering 
analyses, as previously discussed, but underseepage and liquefaction potential 
issues have not been addressed.  

Seismicity – The site of the ash basins is in an area of relatively low seismic 
hazard.  Based on USGS Seismic-Hazard Maps for Central and Eastern United 
States, dated 2008, the WSEC, including both the North Ash Pond and the South 
Ash Pond, is located in an area anticipated to experience about 0.05g peak ground 
acceleration with a 2-percent probability of exceedance in 50 years.   
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7.2 ADEQUACY OF SUPPORTING TECHNICAL DOCUMENTATION 
 

The furnished supporting technical documentation for structural stability is generally 
adequate for the purposes of this assessment with respect to global stability under static 
and seismic (pseudo-static) loading conditions.  The methods used in the slope stability 
analyses are acceptable for these dikes.  Material properties and parameters and other 
assumptions used in the analyses appear to be reasonable.   
 
Underseepage and liquefaction potential were not addressed in the furnished supporting 
technical documentation.  The potential for high uplift pressures at the levee/dike 
embankment toes due to underseepage is a concern where the clay foundation layer is 
relatively thin, as occurs at the explored embankment sections around the North Ash 
Pond and as may occur at unexplored embankment sections around the South Ash Pond, 
particularly near Pony Creek.  The presence of “underseepage wells” on the inside toe of 
the Mosquito Creek levee at the southwest corner of the North Ash Pond suggests that 
there was a past concern (perhaps by the USACE) about uplift pressures during flooding 
in the creek; the wells were likely installed to relieve the temporary uplift pressures 
during flooding and prevent or minimize the chance of a “blowout” occurring.  Therefore 
there is a need for documented underseepage analyses to demonstrate that the 
levees/dikes impounding the ash ponds have adequate safety in this respect.  This 
underseepage issue is more critical for the embankments that serve as flood protection 
levees along Pony Creek and Mosquito Creek.  It is presumed that the recent geotechnical 
study completed for the USACE/P&M Levee District includes such analyses.  If the 
underseepage analyses in that study used analysis sections similar to or more 
conservative than the dike embankment sections on the other sides of the ash ponds, 
MidAmerican may adopt those documented analyses as being representative of the dike 
sections under their responsibility.  Otherwise, MidAmerican should conduct 
underseepage analyses for those dikes to document that the dikes will be safe against 
seepage uplift at the outside toe under extreme pool levels in the ash ponds.   
 
Less critical is the need for liquefaction analysis.  Although the underlying silty sands do 
not appear to be highly susceptible to liquefaction, particularly under the relatively low 
earthquake intensities expected in the region, at least simple analyses using empirical 
methods should be performed to document that liquefaction is not a significant threat to 
the performance of the impounding dikes. 
 
The reason for the very low dike embankment section on the south part of the perimeter 
dike on the east side of the South Ash Pond is currently unknown.  In the absence of 
documentation (e.g., as-built notes, construction reports, etc.) of the reason for the low 
section of the dike, a documented investigation should be made of the compressibility 
(primary and secondary consolidation characteristics) of the underlying thick very soft fat 
clay layer and its effect on the performance of the dike embankment.  The effect of 
design earthquake shaking on the very soft clay layer is a potential issue that should also 
be evaluated.   
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7.3 ASSESSMENT OF STRUCTURAL STABILITY 
 

Based on visual observations and review of the Terracon’s Geotechnical Engineering 
Report, the structural stability of the perimeter dikes impounding the ash ponds appears 
adequate with respect to global stability under static and seismic (pseudo-static) loading 
conditions.  The slough that was observed on the outside slope of the levee on the north 
side of the South Ash Pond appears to have been caused by loss of toe support due to 
erosion during flood flows in Pony Creek and not due to inherent instability of the levee 
section.  The safety of the dike/levee embankments around both ponds with respect to 
seepage uplift and liquefaction potential is undetermined and thus unknown at this time.  
In addition the reason for the low dike embankment section on the east side of the South 
Ash Pond is undetermined and unknown at this time.  Additional study is needed or 
documentation is needed to assess these issues. 
 

The visible parts of outlet structure at the North Ash Pond appeared to be in sound and 
stable condition with no visual evidence of significant deterioration, except at the 
discharge end of the outlet pipe, including end wall and flap gate, which apparently were 
damaged during straightening/dredging operations in Pony Creek.  The damaged end of 
the outlet structure should be repaired to assure continued satisfactory service.   
 
From MidAmerican it is understood that the USACE has indicated that fixing various 
issues in the area of the Pony Creek improvement project, including repair of the 
discharge end of the outlet pipe and repair of the slough on the outside slope of the levee 
on the north side of the South Ash Pond, will have started in late October 2010, before 
issue of this assessment report.  
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8.0 ADEQUACY OF MAINTENANCE AND METHODS OF OPERATION 
 

8.1 OPERATIONAL PROCEDURES 
 

North Ash Pond – This basin is currently used for storage and disposal primarily of 
bottom ash (including boiler slag), which is sluiced from boiler Units 1 and 2 into the 
southwest part of the basin, and mill rejects (pyrite).  The channel through settled ash 
beyond the outfall pipe is periodically dredged to maintain an open channel to the main 
body of water in the eastern half of the basin.  The location of the inflow is altered from 
time to time to achieve even distribution of settled ash in the basin.  Water is discharged 
through the outlet structure to Pony Creek after assurance that the water meets permit 
requirements.  Carbon dioxide (CO2) formerly was infused with the water at the inlet 
chamber to adjust pH prior to discharge; however, this practice was discontinued, 
apparently because the pH levels naturally remained within discharge limits.   
 
As previously described, fly ash formerly was sluiced into the North Ash Pond until 
December 31, 2007.  All fly ash now is captured in silos; some goes to market and the 
remainder goes to an ash monofill (landfill).  The fly ash deposited in the basin was 
hydrated and solidified into thin cemented layers, resembling shale rock, called C-stone.  
The surface of the solidified fly ash in the western half of the basin, which is well above 
the normal water level in the eastern half, is generally surfaced with gravel and 
sometimes used as a lay-down area for storage of equipment and materials and as a 
stockpile area for earth materials during construction projects.  Current on-going 
operations also include mining the solidified fly ash (C-stone), which is stockpiled in 
windrows before being moved off-site for beneficial use; its main use is for stabilizing 
weak subgrades in road construction.  MidAmerican indicated that the ash material is 
tested for arsenic before being used for beneficial purposes.   
 
The sluice water is impounded in the eastern half of the basin and its level can be 
regulated when needed with the discharge structure located through the perimeter dike on 
the south side near the east end.  However, since the basin is incised, the normal water 
level is lower than the typical toe elevation outside the perimeter dike.  The area of the 
basin on the west side of the SIRE railroad embankment across the western part of the 
basin is not used for ash placement.   
 
South Ash Pond – This basin has always been used for storage and disposal primarily of 
bottom ash (including boiler slag), which is sluiced from boiler Unit 3 into the western 
side of the basin, and mill rejects; the basin has never received fly ash.  Plant drainage 
and pH-adjusted process water from the demineralization system are also discharged into 
this basin.  The channel through settled ash beyond the outfall pipes is periodically 
dredged to maintain an open channel to the main body of water in the basin, and the 
location of the inflow is altered from time to time for even distribution of the settled ash.  
As previously described, there is no outlet structure for the South Ash Pond; the water in 
the basin is pumped and re-circulated to the plant for reuse in quenching and sluicing 
bottom ash from Unit 3.  In the past, prior to construction of the SIRE railroad 
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embankment across the western part of the basin, settled ash in the northwest part of the 
basin was surfaced with gravel and used for parking of automobiles and light trucks.  The 
area of the basin on the west side of the SIRE railroad embankment across the western 
part of this basin also is not used for ash placement. 
  
Least Tern and Piping Plover Conservation Management Plan – The least tern, which is 
listed as an endangered species, and the Great Plains piping plover, which is listed as a 
threatened species, have been observed for many years to use the barren surface areas at 
both surface impoundments at the WSEC as nesting grounds.  These MidAmerican ash 
basins in Pottawattamie County and those at the MidAmerican Neal Energy Center in 
Woodbury County are the only known breeding locations for these two listed species in 
the state of Iowa.  At the recommendation of the U.S. Fish and Wildlife Service 
(USFWS), MidAmerican has recently (April 2010) developed and implemented a Least 
Tern and Piping Plover Conservation Management Plan; a copy of the plan is included in 
Appendix E for reference.  The plan includes an education program for WSEC employees 
and contractors and land management strategies, which will have some impact on 
operations in the basin areas during the nesting period, taken as April 1 to August 15 in 
accordance with the USFWS recommendation.  Prior to commencing activities such as 
dredging along the ash sluice line discharge area at the South Ash Pond and C-stone 
mining at the North Ash Pond during the nesting period, point count surveys are to be 
completed to determine if the proposed work will impact the listed species´ nest locations 
and create boundary limits for the operational activities.  According to the plan, the C-
stone stockpile is to be maintained but no additional material is to be added to it.  Long 
term the mined C-stone will be hauled to a stockpile location away from the North Ash 
Pond, so that the material can be sold year round. 
 
8.2 MAINTENANCE OF THE DAM AND PROJECT FACILITIES 

 
The south side dike of the North Ash Pond and the north side dike of the South Ash Pond 
are parts of the Pony Creek flood-control levee system, which is controlled and 
maintained by the Pottawattamie and Mills Counties Levee District.  The west side dike 
of the North Ash Pond is part of the Mosquito Creek flood-control levee system, which is 
controlled and maintained by the Council Bluffs Levee District.  MidAmerican maintains 
the remaining dikes that enclose the ash ponds as needed.  As previously described, there 
is a slough (slope failure) on the outside slope of the dike (levee) on the north side of the 
South Ash Pond that appeared to have been caused by toe erosion during recent flooding 
in Pony Creek.  Apparent temporary alteration in the Pony Creek alignment during the 
USACE on-going stream straightening/dredging project appeared to have allowed the 
stream to more directly impinge the embankment toe at the location of the slough.  It is 
understood from MidAmerican personnel that the USACE is planning to repair the slope 
after the water in Pony Creek returns to normal level.   
 
It appeared that the perimeter dikes receive basic maintenance to generally keep trees and 
woody vegetation off the dike embankments.  There was evidence in several locations, 
commonly in outside toe areas next to the I-29 drainage swale, where small to medium-
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sized trees had been recently removed.  However, it appeared that the outside slope of the 
dike on the north side of the North Ash Pond has received no maintenance to remove 
trees and woody vegetation and, as a consequence, a few large trees, some small trees and 
bushes, and tall weeds have become established on the outside slope and toe of the dike 
embankment; it is noted that this outside slope is outside the fenced boundary of 
MidAmerican property and a gravel-surfaced road at the base of the slope is a private 
road.   
 
Grass on the crest and uppermost part of the embankment slopes of the perimeter dike 
system around the North Ash Pond had recently been mowed, as well as grass on the 
crest and uppermost part of the dike embankment of the north side of the South Ash 
Pond, and next to the gravel-surfaced crest of the dike embankment on the east side of the 
South Ash Pond.  Bromegrass typically covers the embankments, although wild 
sunflowers have taken over in some areas.  The bromegrass is a sod-forming grass that is 
thick and appears to have good resistance to erosion.  The bromegrass grows 15 to 30 
inches high.  MidAmerican´s practice has been to allow the bromegrass to grow to 
maturity un-mowed on the embankment slopes, to enhance protection against surface 
runoff erosion. 
 
The ash pond perimeter dikes are generally free of erosion.  However, at the South Ash 
Pond the inside slope of the dike embankment on the east side near the north end is 
eroded along the waterline, apparently due to wave action when strong winds blow from 
the northwest.  At the North Ash Pond wave erosion also occurs in the dike embankment 
in a similar position along the waterline; the inside slope of the dike embankment on the 
north side near the east end is steep just above the waterline, apparently due to past wave 
erosion, but it has a thick cover of bromegrass.  MidAmerican staff indicated that there 
are plans to place riprap armor along the eroded section of embankment at the South Ash 
Pond.  In addition there is a small erosion gully that has formed adjacent to the outside 
slope of the dike on the north side of the North Ash Pond, near the railroad spur close to 
northwest corner.  This gully appears to have resulted from concentrated runoff flowing 
over the dike.   
 
The visible parts of the outlet works at the North Ash Pond appeared to be in good repair, 
except for the detached section of pipe, end wall, and flap gate at the discharge end of the 
outlet pipe.  Also, the overflow structure at the inlet end of the outlet pipe appeared to 
contain a lot of gravel-sized flat pieces of C-stone that have eroded into the structure.  
Approximate measurements in the field indicate that the level of this “sediment” may be 
within about one foot of the bottom of the skimmer wall, leaving an opening of only 1 
foot.  The design opening beneath the skimmer wall is 3 feet; therefore it appears that 2 
feet of sediment has accumulated under the skimmer wall.  The consequences of 
complete blockage of the opening under the skimmer wall would be that water would 
have to build to just above elevation 970 feet to overtop the sidewalls of the structure to 
reach the inlet chamber and the benefit of the skimmer wall would be lost.   
 
8.3 ASSESSMENT OF MAINTENANCE AND METHODS OF OPERATION 
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8.3.1 Adequacy of Operational Procedures 

 
Operational procedures at both the North Ash Pond and the South Ash Pond 
appear to be appropriate and adequate. 

 
8.3.2 Adequacy of Maintenance 

 
The slump on the levee (outside slope of dike on north side of South ash Pond) 
and damaged end of outlet pipe from the North Ash Pond are significant repair 
issues that are to be addressed by the USACE.  Maintenance of the impounding 
embankments of both the North Ash Pond and the South Ash Pond and the North 
Ash Pond outlet works appears to be generally adequate.  However, in addition to 
routine maintenance, there are maintenance issues listed below that should be 
addressed by MidAmerican: 
 

• Allowing the bromegrass to grow to maturity on the embankment slopes 
appears to have an advantage (good erosion resistance) that outweighs the 
disadvantage (some hindrance to visual observations for problem 
conditions), particularly since it does not appear to grow to great height.  
However, tall vegetation like sunflowers, goldenrod, and other stalky 
weeds should preferably be eradicated or controlled by cutting two or 
three times during the growing season. 

• Woody vegetation on the outside slope of the dike on the north side of the 
North Ash Pond is undesirable.  If possible, small trees and bushes should 
be removed before they become large.  (This may require negotiating an 
agreement with the adjacent land owner to gain access to the outside 
slope.)  At this point it probably would be best to leave the few large trees 
in-place, since cutting them now would initiate decay of root systems that 
may extend far into the embankment.  However, because the outside toe 
elevation is generally higher than the normal water level in the pond and 
not much below the maximum water level in the pond, there appears to be 
no significant threat of seepage occurring along decayed root systems at 
normal water level and probably not much threat during maximum water 
level.  The threat would be more significant if extreme water levels 
approaching the top elevation of the perimeter dike were to occur. 

• Consideration should be given to placing riprap protection on the eroded 
inside slope of the North Ash Pond along the waterline on the east side 
near north end, when planned riprap repairs at the South Ash Pond are 
done.  The dike embankment on the north side of the North Ash Pond 
where the inside slope is very steep just above waterline should be closely 
observed in future inspections to check for tension cracks, slide scarps or 
other signs of mass soil movement.  
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• The sediment in the overflow structure should be cleaned out and 
maintained clear in the future to assure that the opening under the skimmer 
wall is not blocked. 

• The small erosion gully that has formed adjacent to the outside slope of 
the dike on the north side of the North Ash Pond, near the railroad spur 
close to northwest corner, should be repaired as part of routine 
maintenance. 
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9.0 SURVEILLANCE AND MONITORING PROGRAM 
 

9.1 SURVEILLANCE PROCEDURES 
 

The MidAmerican WSEC does not have a formal program of inspections of the perimeter 
dikes around the ash ponds or the outlet structure at the North Ash Pond, other than to 
have plant operating personnel make drive-around inspections once per quarter to check 
the condition of the dike embankments and outlet works; these inspections have not been 
documented with a checklist or report.  Informal observations of conditions in and around 
the ash ponds are made by both operating and security personnel during the course of 
daily operations.   
 
Some level of surveillance of the perimeter dikes that serve as flood-control levees along 
Pony Creek and Mosquito Creek presumably is conducted under the purview of the 
Pottawattamie and Lee Counties Levee District (for Pony Creek) and the Council Bluffs 
Levee District (for Mosquito Creek). 
 
9.2 INSTRUMENTATION MONITORING 

 
9.2.1 Instrumentation Plan 

 
There is no permanent dam performance monitoring instrumentation in place in 
the impounding embankments of the North Ash Pond and the South Ash Pond.  
MidAmerican has placed temporary steel pins (rebar) at intervals in the ground 
surface back of the slough on the outside slope of the dike on the north side of the 
South Ash Pond to provide a means of monitoring any progression of backward 
sloughing until the slope can be repaired by the USACE.  Groundwater 
monitoring wells have been installed at various locations around the basins for 
compliance monitoring of groundwater quality.     

 
9.2.2 Instrumentation Monitoring Results 

 
There are no permanent dam performance monitoring instruments and, thus, no 
results of dam monitoring.  Visual monitoring of the temporary steel pins behind 
the slough by WSEC personnel has indicated that there was some additional 
backward sloughing soon after the initial slough occurred, but its progression has 
diminished, and the sloughing does not currently threaten a breach of the dike.  
WSEC personnel plan to continue monitoring the pins until the slope is repaired. 

 
9.2.3 Dam Performance Data Evaluation 

 
Not applicable, since there are no permanent dam performance instruments.  
WSEC´s monitoring of the temporary steel pins behind the slough until the slope 
is repaired is an appropriate precaution.  In-depth evaluation of groundwater 
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quality monitoring results is beyond the scope of this structural/stability 
assessment.   

 
9.3 ASSESSMENT OF SURVEILLANCE AND MONITORING PROGRAM 

 
9.3.1 Adequacy of Inspection Program 

 
The inspection program is substandard.  A formal inspection program should be 
developed and implemented.  At a minimum the inspection program should 
include: 
 

• Quarterly inspections performed by plant operating personnel familiar 
with the dike embankments and trained on what to look for in the field.  
The quarterly inspections should be documented; use of a checklist form is 
suggested. 

• Annual inspections performed by an engineer familiar with the dike 
embankments and associated engineering data.  The annual inspections 
should be documented with a written inspection report, or checklist form, 
including evaluation and recommendations. 

• Internal inspections of the outlet structure should be conducted every 5 
years with a remote camera or by personnel using confined-space entry 
procedures.  The results should be documented with a written inspection 
report. 

 
9.3.2 Adequacy of Instrumentation Monitoring Program 

 
There is no permanent dam performance monitoring instrumentation in place at 
either ash pond perimeter dike.  No significant problem or suspect condition, such 
as recent excessive settlement, seepage, shear failure (other than the slough with 
known cause), or displacement was observed in the field that might be reason for 
installation of permanent instrumentation.  In the absence of stability problems or 
seepage issues, there is no need for permanent performance monitoring 
instrumentation at this time.   
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EXHIBIT 1:  REPRESENTATIVE SECTION OF NORTH ASH POND LEVEE 
EMBANKMENT (South Side at Outlet Works) 
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EXHIBIT 2:  REPRESENTATIVE SECTION OF SOUTH ASH POND EMBANKMENTS 
 

TYPICAL SECTION 
NOT TO SCALE 

REPRESENTATIVE SECTION OF IMPOUNDMENT EMBANKMENT  
EXCLUDING NORTH SIDE EMBANKMENT 

EL. 980’-0” 
(Actual elevation varies 973.7’ to 985.4’) 

(Estimated at      EL. 970’-8” 
time of site visit) 

EL. 968’-0” 
(Actual elevation varies 
966.0’ to 970.0’) 

5’- 0” 5’- 0” 
CL 

3 

3 
1 

1 

EL. 983’-0” 
(Actual elevation varies 980.2’ to 983.3’) 

(Estimated at      EL. 970’-8”  
time of site visit) 

EL. 968’-0”  
(Actual elevation 
varies 966.0’ to 970.0’) 
 

5’- 0” 5’- 0” 
CL 

3 

3 
1 

1 
TYPICAL SECTION 

NOT TO SCALE 
REPRESENTATIVE SECTION OF NORTH SIDE EMBANKMENT 
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EXHIBIT 3:  REPRESENTATIVE DESIGN SECTION OF 189th STREET 
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SITE VISIT PHOTOS 
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Photo N.2

North Pond  dike outside slope (W side viewed N)   

Photo N.1

North Pond dike outside slope (W side viewed S)

Photo N.4

North Pond Mosquito Creek dike outside toe area  

(W side viewed N)

Photo N.3

North Pond Mosquito Creek dike outside toe area 

(W side viewed S)
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Photo N.6

North Pond  (viewed E)   

Photo N.5

North Pond  (viewed SE)  

Photo N.8

North Pond   (viewed N) 

-concrete access road in the foreground  

Photo N.7

North Pond  (viewed NE)      
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Photo N.10

North Pond  end of discharge area (viewed S)    

Photo N.9

North Pond   Water edge fly ash deposits   

Photo N.12

North Pond  dike inside slope and crest (N side viewed W)

Photo N.11

North Pond  dike crest  (N side viewed E)   
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Photo N.16

North Pond   dike outside toe area  (N side viewed W)

-dike to left, past RR tracks   

Photo N.15

North Pond dike outside slope  (N side viewed E)  

Photo N.14

North Pond  dike outside slope (W side viewed S)   

Photo N.13

North Pond  dike crest (W side viewed S)   
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Photo N.18

North Pond   dike outside slope  (N side viewed  E)   

Photo N.17

North Pond  dike outside slope  (N side viewed  S)  -erosion 

Photo N.20

North Pond dike outside slope (N side viewed SE)   

Photo N.19

North Pond  dike outside slope (N side viewed W)   
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Photo N.22

North Pond  dike outside slope (N side viewed SE)

Photo N.21

North Pond  dike outside slope (N side viewed SE) 

Photo N.24

North Pond  dike outside slope and toe area  (NE corner viewed NE)
Photo N.23

North Pond  dike outside slope (N side viewed W)
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Photo N.26

North Pond dike crest  and outside slope  (E side viewed  S)  

Photo N.25

North Pond  dike inside slope (E corner viewed  S)   

Photo N.28

North Pond  dike outside slope and toe area  (E side viewed E)   

Photo N.27

North Pond  dike inside slope  (E side viewed S)  
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Photo N.30

North Pond dike outside slope and toe  (E side viewed N)   

Photo N.29

North Pond  dike outside slope at toe  (E side viewed N)    

Photo N.32

North Pond  dike crest & inside slope  (E side viewed S) 

-note higher dike on south side  

Photo N.31

North Pond  dike outside slope & toe  (E side viewed S)

-low point for I-29 drainage ditch, note thick vegetation   
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Photo N.34

North Pond  dike crest and inside slope  E side viewed  N) 

Photo N.33

North Pond  dike inside slope  (S side viewed SW) –overflow structure  

Photo N.36

North Pond dike inside slope  (E side viewed N) 

Photo N.35

North Pond  dike outside slope  (E side viewed N)   
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Photo N.38

North Pond dike crest   (E side viewed N)

Photo N.37

North Pond dike inside slope  (S side viewed W) –note riprap   

Photo N.40

North Pond  dike crest and inside slope  (S side viewed W)   

Photo N.39

North Pond dike outside slope and crest  ( S side viewed W)   
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Photo N.44

North Pond  dike inside slope of RR embankment                       

(W side viewed N) 

Photo N.43

North Pond  dike outside slope and crest  (S side viewed E)

-Pony Creek 

Photo N.42

North Pond  dike outside slope and swale   (E side viewed N) –Pony Creek  
Photo N.41

North Pond  dike outside slope and crest  (S side viewed E)  
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Photo N.45

North Pond  (viewed E)   -inflow to North Pond   

Photo N.45.b

North Pond  (viewed E)  -inflow pipe (sluice line)  

Photo N.45.d

North Pond (viewed E) –ditch inflow of ash   

Photo N.45.c

North Pond   inflow pipe discharge
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Photo N.47

North Pond  dike crest and inside slope  (W side viewed N)   

Photo N.46

North Pond dike outside slope  (W side viewed N)  

Photo N.49

North Pond  dike crest and inside slope  (W side viewed S)  

Photo N.48

North Pond  dike inside slope  (W side viewed S)  
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Photo S.3

South Pond  Inflow to pond  (viewed E)   

Photo S.2

South Pond RR dike crest  (W side viewed S)

-west side noted by dotted yellow line 

Photo S.1.a

South Pond  (from near top of mound)  (viewed NE)

Photo S.1

South Pond  bottom fly ash excavated area  (viewed E)   
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Photo S.5

South Pond  dike inside slope (yellow line)  (W side viewed S)

Photo S.4

South Pond   RR dike and inflow pipes  (viewed W)   

Photo S.7

South Pond   pond area  ( N side viewed NE)  

Photo S.6

South Pond  dike inside slope (W side viewed W) 

-pump structure 
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Photo S.9

South Pond  dike crest  (N side viewed E)   

Photo S.8

South Pond  dike inside slope  (N side viewed E)   

Photo S.11

South Pond  dike inside slope and crest (N side viewed W)   

Photo S.10

South Pond   dike outside slope toe area  (N side viewed NW)  

-at RR Bridge 
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Photo S.13

South Pond dike crest and outside slope (E side viewed S)   

Photo S.12

South Pond dike outside slope  (N side viewed W) –Pony Creek  

Photo S.15

South Pond  dike outside slope  (N side viewed S)

-note slide scarp

Photo S.14

South Pond  dike outside slope  (N side viewed S)

-note slough



Appendix   A                 Pond Photographs       Walter Scott Energy Center        September 15, 2010            Page 18

Photo S.17 (viewed S)

South Pond   dike outside slope and toe –drainage structure

Photo S.16 (N side viewed NE) 

South Pond   dike outside slope toe and Pony Creek –note erosion

Photo S.19

South Pond  dike inside slope  and crest (E side viewed N)

-note dip in crest (low section)   

Photo S.18

South Pond   dike crest  and outside slope (E Side viewed S)
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Photo S.21

South Pond  dike outside slope  and crest (E side viewed N) 

Photo S.20

South Pond  dike inside slope  (SE corner  viewed SW)

Photo S.23

South Pond  dike inside slope  (S side viewed W)

Photo S.22

South Pond  dike crest & inside slope  (S side viewed W)



Appendix   A                 Pond Photographs       Walter Scott Energy Center        September 15, 2010            Page 20

Photo S.25

South Pond  dike inside slope  (S side viewed E)  

Photo S.24

South Pond  dike outside slope  (S side viewed E) 

Photo S.27

South Pond dike inside slope  (W side viewed N)

Photo S.26

South Pond  RR dike inside slope  (W side viewed N)   
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Photo O.2

North Pond  Outfall Structure  Inside Box   

Photo O.1

North Pond  Overflow Structure  weir  -note C-stone sediment   

Photo O.4

Pony Creek  Enlarged Photo  of broken End Section Outfall Pipe   

Photo O.3

Pony Creek   levee outide slope South Pond  ( N side viewed 

W)     
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NORTH SURFACE IMPOUNDMENT FIELD OBSERVATION CHECKLIST



       US Environmental  

Coal Combustion Dam Site Observation Checklist Form    Protection Agency 

 

1 

Site Name: 
Walter Scott Energy 

Center  
Date: September 15, 2010 

Unit Name: North Pond Operator's Name: 
MidAmerican Energy 

Company 

Unit I.D.:  Hazard Potential Classification: High  Significant  Low  

Inspector's Name: Frederic C. Tucker and Mark Hoskins 

 

Check the appropriate box below.  Provide comments when appropriate.  If not applicable or not available, record "N/A".  
Any unusual conditions or construction practices that should be noted in the comments section.  For large diked 
embankments, separate checklists may be used for different embankment areas. If separate forms are used, identify 
approximate area that the form applies to in comments.                  
 

 Yes No  Yes No 

1. Frequency of Company's Dam Inspections?  Quarterly1  18. Sloughing or bulging on slopes?   X 

2. Pool elevation (operator records)?    967.52  19. Major erosion or slope deterioration?   X7 

3. Decant inlet elevation (operator records)?  9673  20. Decant Pipes:    

4. Open channel spillway elevation (operator records)?   n/a       Is water entering inlet, but not exiting outlet?   X 

5. Lowest dam crest elevation (operator records)?  979.24        Is water exiting outlet, but not entering inlet?   X 

6. If instrumentation is present, are readings recorded 
(operator records)?  

 n/a       Is water exiting outlet flowing clear?   X8 

7. Is the embankment currently under construction?   X 
21. Seepage (specify location, if seepage carries 
fines, and approximate seepage rate below):  

  

8. Foundation preparation (remove vegetation, stumps, 
topsoil in area where embankment fill will be placed)?  

 n/a      From underdrain?   n/a 

9. Trees growing on embankment? (If so, indicate         
largest diameter below) 

X5       At isolated points on embankment slopes?   X 

10. Cracks or scarps on crest?   X      At natural hillside in the embankment area?   X 

11. Is there significant settlement along the crest?   X      Over widespread areas?   X 

12. Are decant trashracks clear and in place?   n/a      From downstream foundation area?   X 

13. Depressions or sinkholes in tailings surface or  whirlpool 
in the pool area?  

 X      "Boils" beneath stream or ponded water?   X 

14. Clogged spillways, groin or diversion ditches?  X       Around the outside of the decant pipe?   X 

15. Are spillway or ditch linings deteriorated?   X 
22. Surface movements in valley bottom or on 
hillside?  

 X 

16. Are outlets of decant or underdrains blocked?  X6  23. Water against downstream toe?  X9  

17. Cracks or scarps on slopes?   X 
24. Were Photos taken during the dam 
inspection?  

X  

Major adverse changes in these items could cause instability and should be reported  for further evaluation.  Adverse conditions noted in these items should 
normally be described (extent, location, volume, etc.) in the space below and on the back of this sheet.  

 

Issue #  Comments 

 n/a – not applicable or not a feature 

1 
Mid American conducts internal inspections and informal daily inspections over the course of the year by plant and 
security personnel. 

2 
Record rains have increased the pond elevation.  This is also due to increased elevations of Pony Creek the 
discharge water body for the North Pond.  Normal elevation may be more near 965.5. 

3 Outfall structure has adjustable stop logs to elevation 962.   

4 
From the provided 1974 construction plans the eastern berm is at 980.  The west side of the north pond low portion 
is at elevation 979.2.    



       US Environmental  

Coal Combustion Dam Site Observation Checklist Form    Protection Agency 

 

2 

 
Issue #  Comments 

5 
Several trees (12-15” diameter) on the north side embankment.  Off the MidAmerican property, negotiating 
with property owner 

6 
The outfall concrete box has gravel in the front portion that needs to be shoveled out.  The structure looks in 
good condition overall.  The outfall section of pipe will be replaced as the US Army Corps will complete their 
dredging of Pony Creek.  The end pip section has been placed up on the Pony Creek bank.   

7 
In the northeast corner of the pond there is some minor bank erosion from wave action within the pond.  Other 
areas need some slope regarding and vegetation.  Overall the banks are in good condition. 

8 There did not appear to be any flow out from the pond.  The sluice gate appears to be closed. 

9 
The Interstate 29 roadway ditch has some water at the base of the east side of the pond.  Does not appear to 
be seepage. 
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Coal Combustion Waste (CCW)      Impoundment Inspection 

Impoundment NPDES Permit 7820101 INSPECTOR 
Frederic C. Tucker and Mark 
Hoskins 

Date of Expiration February 26, 2008 

Impoundment Name Retention Pond #2 (North Pond) #006 

Impoundment Company MidAmerican Energy Company 

EPA Region 7 

State Agency 

(Field Office) Address 

Iowa Department of Natural Resources, 401 SW 7th, Suite I  

Des Moines, IA 50309 

Name of Impoundment Retention Pond #2 (North Pond) 

(Report each impoundment on a separate form under the same Impoundment NPDES Permit number) 

 

New         Update     

  Yes No 

Is impoundment currently under construction?   

Is water or ccw currently being pumped into the impoundment?  

 

 

 

IMPOUNDMENT FUNCTION: 

To impound fly ash, bottom ash, mill rejects and boiler slag.  Other 

permitted impoundments include ash transport water, boiler 

blowdown, floor drain wastewater, stormwater runoff (immediate 

adjacent) ash hopper water, bearing cooler water, seal water and air 

conditioning cooling water  

Nearest Downstream Town Name: Bellvue, Nebraska (downstream on the Missouri) 

Distance from the impoundment: 2 miles 

Location: 

Latitude  41 Degrees 11 Minutes 7.804 Seconds N 

Longitude  -95 Degrees 49 Minutes 34.89 Seconds W 

State Iowa County Pottawattamie and Mills Counties 

  Yes No 

Does a state agency regulate this impoundment?     

If So Which State Agency? Iowa Department of Natural Resources 
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HAZARD POTENTIAL (In the event the impoundment should fail, the following would occur): 

 LESS THAN LOW HAZARD POTENTIAL: Failure or 
misoperation of the dam results in no probable loss of human life or 
economic or environmental losses. 

 

 LOW HAZARD POTENTIAL: Dams assigned the low hazard 
potential classification are those where failure or misoperation results in 
no probable loss of human life and low economic and/or environmental 
losses.  Losses are principally limited to the owner’s property. 

 

 SIGNIFICANT HAZARD POTENTIAL: Dams assigned the 
significant hazard potential classification are those dams where failure 
or misoperation results in no probable loss of human life but can cause 
economic loss, environmental damage, disruption of lifeline facilities, 
or can impact other concerns. Significant hazard potential classification 
dams are often located in predominantly rural or agricultural areas but 
could be located in areas with population and significant infrastructure. 

 

 HIGH HAZARD POTENTIAL: Dams assigned the high hazard 
potential classification are those where failure or misoperation will 
probably cause loss of human life. 

 
 

DESCRIBE REASONING FOR HAZARD RATING CHOSEN: 

 

Failure of the south berm would discharge into Pony Creek which could cause minor environmental 

damage.  Failure of the easterly-side berm would discharge indirectly into the Interstate 80 west 
side swale which could discharge also eastward into several adjacent farms causing some minor 

economic damage and minor environmental damage. 
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CONFIGURATION: 

 
 

  Cross-Valley     Side-Hill     Diked 

  Incised (form completion optional)    Combination Incised/Diked 

Embankment Height (ft) Ave=15   

Peak=18.2 

Embankment 

Material 

Slity Clay (from borings) 

Pool Area (ac)  Water=71.9 

Pond=171 

Liner None 

 

Current Freeboard (ft) 11.7  (9-15-2010) Liner Permeability n/a 
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TYPE OF OUTLET (Mark all that apply) 

 Open Channel Spillway 

 Trapezoidal 

 Triangular 
 Rectangular Weir 

 Irregular 
 depth (ft) 3 ft with stop logs 
 Ave. bottom width (3 FT) 
 top width (ft) 

  

 Outlet 

24” inside diameter  

RCP 

Material  

 
corrugated metal 

 
welded steel 

 
Concrete 

 
plastic (hdpe, pvc, etc.) 

 
other (specify):  

 Yes No 

Is water flowing through the 

outlet?  
        Gate closed 

 No Outlet  

 
Other Type of Outlet  

      (specify): 

 

 

The Impoundment was Designed By 
Black and Veatch 
Engineers (1974) 
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 Yes No  

Has there ever been a failure at this site?     

If So When?   

If So Please Describe : 
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 Yes No  

Has there ever been significant seepages 

at this site?  
   

If So When?   

If So Please Describe : 
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 Yes No 

Has there ever been any measures undertaken to 

monitor/lower Phreatic water table levels based 

on past seepages or breaches  

at this site?  

 

  

If so, which method (e.g., piezometers, gw 

pumping,...)? 

  

 

If So Please Describe :   
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ADDITIONAL INSPECTION QUESTIONS  
Concerning the embankment foundation, was the embankment construction built over wet ash, slag, or 

other unsuitable materials?  If there is no information just note that.   

No information provided on embankment construction. 

 

  

 

Did the dam assessor meet with, or have documentation from, the design Engineer-of-Record concerning 

the foundation preparation?  

The dam assessor has not met with the design engineer-of-record.  Provided borings show that the 
berms were built on natural ground. 

 

From the site visit or from photographic documentation, was there evidence of prior releases, failures, 

or patchwork on the dikes?  

No significant repair was noted from the site investigation.   
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Site Name: 
Walter Scott Energy 

Center  
Date: September 15, 2010 

Unit Name: South Pond Operator's Name: 
MidAmerican Energy 

Company 

Unit I.D.:  Hazard Potential Classification: High  Significant  Low  

Inspector's Name: Frederic C. Tucker and Mark Hoskins 

 

Check the appropriate box below.  Provide comments when appropriate.  If not applicable or not available, record "N/A".  
Any unusual conditions or construction practices that should be noted in the comments section.  For large diked 
embankments, separate checklists may be used for different embankment areas. If separate forms are used, identify 
approximate area that the form applies to in comments.                  
 

 Yes No  Yes No 

1. Frequency of Company's Dam Inspections?  Quarterly1  18. Sloughing or bulging on slopes?  X5   

2. Pool elevation (operator records)?    9762  19. Major erosion or slope deterioration?  X6  

3. Decant inlet elevation (operator records)?   X3 20. Decant Pipes:    

4. Open channel spillway elevation (operator records)?   X4       Is water entering inlet, but not exiting outlet?   X 

5. Lowest dam crest elevation (operator records)?  979.05        Is water exiting outlet, but not entering inlet?   X 

6. If instrumentation is present, are readings recorded 
(operator records)?  

 X       Is water exiting outlet flowing clear?   X 

7. Is the embankment currently under construction?   X 
21. Seepage (specify location, if seepage carries 
fines, and approximate seepage rate below):  

  

8. Foundation preparation (remove vegetation, stumps, 
topsoil in area where embankment fill will be placed)?  

 X      From underdrain?   X 

9. Trees growing on embankment? (If so, indicate         
largest diameter below) 

 X      At isolated points on embankment slopes?   X 

10. Cracks or scarps on crest?   X      At natural hillside in the embankment area?   X 

11. Is there significant settlement along the crest?   X      Over widespread areas?   X 

12. Are decant trashracks clear and in place?   X      From downstream foundation area?   X 

13. Depressions or sinkholes in tailings surface or  whirlpool 
in the pool area?  

 X      "Boils" beneath stream or ponded water?   X 

14. Clogged spillways, groin or diversion ditches?  X       Around the outside of the decant pipe?   X 

15. Are spillway or ditch linings deteriorated?   X 
22. Surface movements in valley bottom or on 
hillside?  

 X 

16. Are outlets of decant or underdrains blocked?   X 23. Water against downstream toe?   X 

17. Cracks or scarps on slopes?   X 
24. Were Photos taken during the dam 
inspection?  

X  

Major adverse changes in these items could cause instability and should be reported  for further evaluation.  Adverse conditions noted in these items should 
normally be described (extent, location, volume, etc.) in the space below and on the back of this sheet.  

 

Issue #  Comments 

 n/a – not applicable or not a feature 

1 
Mid American conducts internal inspections and informal daily inspections over the course of the year by plant and 
security personnel. 

2 
Record rains have increased the pond elevation.  Normal elevation varies depending on volume of effluent 
discharged into the South Pond. 

3 
There is no discharge structure for the south pond.  The pond elevation is regulated by the removal of water by the 
plant and fly ash discharge inflow. 

4 There is no outfall structure for the south pond. 
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Issue #  Comments 

5 
There is about 50 LF of north-side berm sloughing along Pony Creek about 1200 LF west of Interstate 29.  This has 
resulted from US Army Corps Pony Creek dredging.  The Corps will repair the sloughing after Pony Creek recedes 
from its present high water level.   

6 
There is about 600 LF of inside slope erosion due to wave action on the NE corner of the South Pond.  The erosion 
will not cause failure of the berm 
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Coal Combustion Waste (CCW) 

Impoundment Inspection 

Impoundment NPDES Permit 7820101 (indirectly) INSPECTOR 
Frederic C. Tucker and Mark 
Hoskins 

Date October 16, 2006 

Impoundment Name Retention Pond #2 (North Pond) #006 

Impoundment Company MidAmerican Energy Company 

EPA Region 7 

State Agency 

(Field Office) Address 

Iowa Department of Natural Resources, 401 SW 7th, Suite I  

Des Moines, IA 50309 

Name of Impoundment The South Pond does not discharge into the north pond.  It has no outfall. 

 

(Report each impoundment on a separate form under the same Impoundment NPDES Permit number) 

 

New         Update     

  Yes No 

Is impoundment currently under construction?   

Is water or ccw currently being pumped into the impoundment?  

 

 

 

IMPOUNDMENT FUNCTION: 

To impound fly ash, bottom ash, mill rejects and boiler slag.  Other 

permitted impoundments include ash transport water, boiler blowdown, 

floor drain wastewater, stormwater runoff (immediate adjacent) ash 

hopper water, seal water and air conditioning cooling water  

Nearest Downstream Town Name: Bellvue, Nebraska (downstream on the Missouri) 

Distance from the impoundment: 2 miles 

Location: 

Latitude  41 Degrees 10 Minutes 42.69 Seconds N 

Longitude  -95 Degrees 49 Minutes 39.22 Seconds W 

State Iowa County Pottawattamie and Mills Counties 

  Yes No 

Does a state agency regulate this impoundment?     

If So Which State Agency? Iowa Department of Natural Resources 
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HAZARD POTENTIAL (In the event the impoundment should fail, the following would occur): 

 LESS THAN LOW HAZARD POTENTIAL: Failure or 
misoperation of the dam results in no probable loss of human life or 
economic or environmental losses. 

 

 LOW HAZARD POTENTIAL: Dams assigned the low hazard 
potential classification are those where failure or misoperation results in 
no probable loss of human life and low economic and/or environmental 
losses.  Losses are principally limited to the owner’s property. 

 

 SIGNIFICANT HAZARD POTENTIAL: Dams assigned the 
significant hazard potential classification are those dams where failure 
or misoperation results in no probable loss of human life but can cause 
economic loss, environmental damage, disruption of lifeline facilities, 
or can impact other concerns. Significant hazard potential classification 
dams are often located in predominantly rural or agricultural areas but 
could be located in areas with population and significant infrastructure. 

 

 HIGH HAZARD POTENTIAL: Dams assigned the high hazard 
potential classification are those where failure or misoperation will 
probably cause loss of human life. 

 
 

DESCRIBE REASONING FOR HAZARD RATING CHOSEN: 

 

Failure of the northerly berm would discharge into Pony Creek which could cause minor 

environmental damage.  Failure of the west side berm would discharge indirectly into the Interstate 
80 west side swale which could discharge eastward into several adjacent farms causing some 

economic damage and minor environmental damage. 
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CONFIGURATION: 

 
 

  Cross-Valley     Side-Hill     Diked 

  Incised (form completion optional)    Combination Incised/Diked 

Embankment Height (ft) Ave=7  

Max=16 

Embankment Material Slity Clay (from borings) 

Pool Area (ac)  Water =88 

Pond =133 

Liner None 

Current Freeboard (ft) 3  (9-15-2010) Liner Permeability n/a 
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TYPE OF OUTLET (Mark all that apply) 

 Open Channel Spillway 

 
Trapezoidal 

 
Triangular 

 
Rectangular 

 
Irregular 

 
depth (ft)  

 
Ave. bottom width  

 
top width (ft) 

  

 Outlet 

 inside diameter  

 

                   Material  

 corrugated metal 

 welded steel 

 Concrete 

 plastic (hdpe, pvc, etc.) 

 other (specify):  

 Yes No 

Is water flowing through the outlet?       

 No Outlet  

 Other Type of Outlet     (specify): 

 

 

The Impoundment was Designed By 
Black and Veatch 
Engineers (1974)  
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 Yes No  

Has there ever been a failure at this site?     

If So When?   

If So Please Describe : 
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 Yes No  

Has there ever been significant seepages 

at this site?  
   

If So When?   

If So Please Describe : 
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 Yes No 

Has there ever been any measures undertaken to 

monitor/lower Phreatic water table levels based 

on past seepages or breaches  

at this site?  

 

  

If so, which method (e.g., piezometers, gw 

pumping,...)? 

  

 

If So Please Describe :  It appears that monitor wells were installed on the site.  It is 

not known what type of information was collected outside the MWH report which has 

static water levels. 

 

  



       US Environmental  

Coal Combustion Dam Site Observation Checklist Form    Protection Agency 

 

10 

ADDITIONAL INSPECTION QUESTIONS  
Concerning the embankment foundation, was the embankment construction built over wet ash, slag, or 

other unsuitable materials?  If there is no information just note that.   

There is no information that implies that the berms were built on unsuitable material.  

 

Did the dam assessor meet with, or have documentation from, the design Engineer-of-Record concerning 

the foundation preparation?  

The dam assessor has not met with the design engineer-of-record.  Provided borings show that the 
berms were built on natural ground. 

From the site visit or from photographic documentation, was there evidence of prior releases, failures, 

or patchwork on the dikes?  

Along the north side berm, due to recent regarding by the US Army Corps of Engineers, a 50 foot 
section of outside berm along Pony Creek has sloughed down.  The Corps has requested that they 
repair the damage after Pony Creek water elevation recedes.  Mid American has offered to repair and 
has been told to not work on the berm.  There is no danger of the berm to fail. 
 
Also the rail road was placed several very crude patches along the west outside portion of the berm in 
about 4 locations each about 20 feet wide.  There is no danger of the berm to fail.   
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DOC 1.4 SITE PLAN MAP AND MONITORING NETWORK  
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REQUESTED INFORMATION 

1) Responses to request for missing or additional information 

2) HGM Levee/Dike Crest Elevation Profiles around South Ash Pond and North Ash Pond 

3) Terracon Geotechnical Report 
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1) Responses to request for missing or additional information 



From:                                         Dodson, Kevin D [KDDodson@midamerican.com] 

Sent:                                           Thursday, October 21, 2010 10:35 AM 

To:                                               Tucker, Fred 

Subject:                                     Responses to Data Requests for Walter Scott Energy Center 

Attachments:                          112510_IMPOUNDMENT POND BERM 2of 2.pdf; 112510_IMPOUNDMENT POND 

BERM 1of 2.pdf 

  

Mr. Tucker, 

  

Outlined below are MidAmerican’s responses to your data request questions for the surface 

impoundments at Walter Scott Energy Center. 

  

Please let me know if you have any questions. 

  

Thanks, 

Kevin Dodson 

  

  

  

WALTER SCOTT, JR ENERGY CENTER 

  

1.      There apparently are four “Underseepage Wells” located at the inside toe of the levee along 

Mosquito Creek near the southwest corner of the North Surface Impoundment.  They 

apparently were original features that were relocated during construction of the dike for the 

North Surface Impoundment.  They appear to be relief wells to relieve uplift pressure on inside 

slope and toe of the embankment during high water in Mosquito Creek. Is that their purpose or 

do they have some other purpose?  Was there a blowout of the levee or incipient failure 

(possibly due to underseepage and excess uplift pressure) at one time that necessitated the 

installation of relief wells at that location? 

a.      There are no known historical issues or failures in this area of the Levee . It is unknown 

what was the original purpose and design was of the under seepage relief wells. These 

wells were installed as part of original power plant levee construction design drawings 

in 1974 over 35 years ago. 

  

2.   The 1974 design plans show the top (crest) of the dike embankments, including the levees along 

Mosquito Creek and Pony Creek, at a uniform elevation of 980 feet.  However, in the field the 

levee that encloses the south side of the north impoundment along Pony Creek appears to be 2 

to 3 feet higher than the ash basin dike embankments along the east and north sides of the 

north impoundment and, though it is difficult to compare due to the presence of the railroad 

embankment, it appears that the levee along Pony Creek is  higher than the levee along 

Mosquito Creek, too.  On the south side of Pony Creek the levee that forms the north side of 

the South Surface Impoundment appears to be at about the same elevation as the levee on the 

north side of Pony Creek, but the top of the dike embankment on the east side of the south 

impoundment appears to be lower at some distance south of the north levee and “wavy” (up 

and down), then very low along the south part just before it intersects the south embankment, 

which is much higher and has a broad paved road on top.  Thus, some of the embankment top 

elevations obviously are different than called  for in original design.  We would like to receive 

current (spot) elevations around the perimeters of both surface impoundments if possible, to 

get a better understanding of the tops of the embankments with respect to water and ash 

levels inside the impoundments.  Elevations along the east embankment of the south 

impoundment are of particular interest. The profiles developed by Harza in 2008 appear to 

have used the 1974 design grades for the embankments, so those profiles do not provide the 

Page 1 of 4

11/1/2010file://\\saratoga\xfer\MidAmerican\WSEC Addnl Requested Info...



information we seek.  Unless we receive information to the contrary, our current interpretation of 

the embankment elevations is as follows. 

  

North Surface Impoundment Embankment Top Elevations: 

            East, North, and West (Mosquito Creek) Sides = 980 ± feet 

            South (Pony Creek) Side = 982.5 ± feet  

South Surface Impoundment Embankment Top Elevations: 

            East Side = 980 ± feet generally, 979 feet min (possibly lower) 

            North (Pony Creek) Side = 982.5 ± feet           

            South Side = 983 ± feet 

            West Side = 980 ± feet 

  

Please note that these elevations generally do not jibe with the elevations, 983.3 feet for north 

impoundment and 983.0 feet for south impoundment, provided in descriptive information and 

given in answers to EPAs questionnaire in March 2009.  Are those furnished elevations 

maximum elevations? 

  

a.      Previous reported EPA elevations were taken at spot locations along the Levee. The 

flood Levee along Pony Creek and Mosquito Creek are generally El 982+/-. The main 

power plant and surrounding adjacent Levees are generally built to El 981 +/-  which 

corresponds to building datum of El 100.  The height of the Levee varies per the Corp 

Project in 1980.  A raise was made in the Levee by the Corp of Engineers and was sloped 

from El 982 to El 983 as part of Missouri River Levee System Project Unit L-611-614 in 

1980. Enclosed are two survey drawings that Walter Scott Energy Center (WSEC) just 

completed which has entire perimeter spot elevations along stations shown for WSEC 

North Surface Impoundment Embankment Top Elevations and South Surface 

Impoundment Embankment Top Elevations. 

  

3.      When were the Pony Creek Levees raised? 

a.      The Corp of Engineers changed the height of Mosquito Creek and Pony Creek Levees in 

the early 1980’s. The Raise in Levee by Corp was sloped from El 982 to El 983 as part of 

Missouri River Levee System Project Unit L-611-614 in 1980. 

  

4.      We noticed that the discharge end of the outlet pipe (including last joint , end wall and flap 

gate) was detached and laying on the bank of Pony Creek.  It apparently was damaged during 

the Corps of Engineers’ dredging of Pony Creek.  What is the status of  getting the outlet 

structure repaired? 

a.      The Corps of Engineers has indicated that in late October 2010, the Corp of 

Engineers/Missouri River Levee District work will begin on fixing various issues in this 

area including repair of the outlet structure which was damaged by their subcontractor 

during realignment of Pony Creek done earlier. 

  

5.      What is the top elevation of the slide gate (or stoplogs) at the inlet structure for the outlet at 

the north impoundment?  A drawing for the inlet shows a future top elevation of 982’ 10”.  

Does MidAmerican envision that the inlet structure will ever be raised to that elevation, 

assuming beneficial use of ash materials will continue in the future? 

a.      The top of stop logs and slide gate structure is currently El 970.55.  At present there are 

no plans to raise the outlet structure but there is capability to do so to El 982’ 10” on 

structure foundation drawings. The reason the structure has never been raised is the 

normal pond water elevation has historically always been below this level and there was 

no immediate need to have a tall structure. At this time WSEC does not plan to raise the 
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structure but has future capability to do so per original design drawings. 

  

6.      The south impoundment has no outlet and it is understood that the water is recycled to the 

plant for Unit 3 sluice water, which is discharged back into the impoundment.  Recently there 

have been record wet conditions that have caused the water level in the pond to come within 2 

feet of the low-point on the crest of the dike embankment on the east side.  In case of future 

more extreme wet weather does MidAmerican have a way to take water out of the system to 

keep the water level at least 2 feet below the low point on the crest? If so, where is the water 

discharged?  If not, how will MidAmerican prevent overtopping at the low point? 

a.      MEC is monitoring the height of south pond on an ongoing basis and is currently 

curtailing  the amount of plant excess water being discharged from the plant to the 

pond. There is currently more than 2 feet of freeboard at the south ash pond and 

freeboard is being maintained and gradually increasing. WSEC is using excess water in 

the pond for ash quenching and sluicing (recycling). WSEC would consider in an 

emergency situation, to acquire a permit amendment and divert some of water from 

the south pond to the north ash pond by portable pumps. WSEC does not expect to do 

so at this time with diminishing rainfall in fall months and the expected decrease of 

moisture in upcoming winter months. 

  

7.      Are the water levels that occurred during the recent wet weather considered the record water 

levels since the impoundments were put into operation? If not, what were the record water 

levels? 

a.      Yes. Based on review of past documents and records, the South ash pond appears to be 

at a record water level with the record rainfall this year. It is unknown what the record 

water level was in north ash pond. In addition the USACE website shows the Missouri 

River water level at a record level at a location just a few miles north of site at the I-480 

bridge with a recorded record river gage height on August 2, 2010 which was a new high 

over last 30 years. 

  

8.      We seem to be having difficulty getting a copy of the Geotechnical Report prepared by 

Terracon.  We have been directed to a lawyer who has stated that the report may not be 

released and would require a vote of the Trustees for the Levee District to determine whether it 

could be released.  (Seems like such a report which presumably used public funds for public 

safety should be available as public record.) Our schedule of course does not allow time to wait 

for Trustees actions.  Could MidAmerican get a copy of this report for us?  The report is critical 

to our assessment, assuming it has information and stability analyses that directly pertain to 

the subject levee/dike embankments. 

a.      The Levee District report you reference is in draft form, and the report is under further 

review by the District and Corp and has not been finalized by Levee District and 

therefore is not available for distribution. MEC is pursuing a separate geotechnical 

analyses for the surrounding WSEC ash pond levees which will be finalized very soon 

and will be provided under separate cover. 

  

9.      What are the maximum flood water levels that the levees have experienced since the time that 

the surface impoundments were put into operation? 

a.      This year the current water level appears to be at a record level. USACE website shows 

at a location a few miles north on the Missouri River at the I-480 bridge to have 

recorded a record river gage height on August 2, 2010 which was new high over the last 

30 years. Elevation of high river level at WSEC Unit 3’s intake structure was 

approximately El 970 at this time on August 2, 2010. 
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10.  Is there a contingency plan for preventing or minimizing the loss of ash from the 

impoundments in case of overtopping breach or scour breach caused by floodwaters in Pony 

Creek or Mosquito Creek from floods approaching or exceeding the 100-year design flood for 

the levees? 

a.      There is a very unlikely case of floodwaters exceeding the 100 year design flood level of 

the surrounding Creek’s Levees into the ash ponds. This type of event is considered a 

very low risk. The design high water elevation based on the 100-year flood insurance 

study is EL 975.1, and the top of Levee is at El 982. MEC would work with local Corps of 

Engineers and Levee District to assist in emergency response to shore up Pony Creek 

and Mosquito Creek Levees in the case of such an unlikely event.  
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2) HGM Levee/Dike Crest Elevation Profiles around South Ash Pond and North Ash Pond 
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EXECUTIVE SUMMARY 
 
Consultants to the EPA are currently conducting an audit of the ash containment ponds located 
on the east side of the Walter Scott Energy Center (WSEC) in Council Bluffs, Iowa.  
MidAmerican Energy Company (MEC) requested Terracon Consultants, Inc. (Terracon) conduct 
cursory analyses of global stability of the earth embankments that surround the ash ponds.  
Terracon understands this report will be provided to the EPA consultants to assist with their 
audit.  Terracon conducted a limited subsurface exploration to obtain data concerning 
subsurface conditions for our use in performing the requested cursory global stability analyses 
of selected Ash Containment Pond embankments located at WSEC.  Five borings, designated B-
1, B-2, B-4, B-5, and B-6, were completed to depths of approximately 50 feet below the existing 
ground surface.  To supplement data obtained from these borings, three electronic cone 
soundings, designated EC-1, EC-3 and EC-4 were completed to depths of approximately 19 to 47 
feet.  Boring and cone sounding locations are shown on the Location Diagram in Appendix A. 
Laboratory tests were performed on selected samples recovered from the borings.   
 
This report presents the findings of the subsurface exploration and provides the results of our 
slope stability analyses.  An abbreviated summary of findings, results, and recommendations 
are presented below.  This report must be read in its entirety for a comprehensive understanding 
of our analyses and the limitations of this report. 
 
For this study, embankment geometry was taken from survey cross sections supplied by HGM.  
The slope stability models utilized cohesion and friction angle values determined from 
experience with similar soils, correlation with data from index tests performed the samples 
recovered from borings, and shear strength test data obtained from discrete samples collected 
at the site during this and previous explorations.  Two consolidated undrained triaxial tests were 
performed on samples obtained during this site exploration; sample 4 from Boring B-2 and 
sample 5 from Boring B-5. Strength parameters determined from the laboratory tests are 
representative of peak strengths. The design shear strength parameters selected for the 
embankment fill and native clay soils are representative of post-peak strengths, which consider 
the effects of long-term strain softening. Subsurface stratigraphy was based on conditions 
encountered at borings conducted along the crest of embankments.  Piezometric surfaces were 
inferred based on elevations of static water surface levels in the ponds provided by HGM and 
short term water levels recorded at borings.  

 
 Stability analyses were performed using the computer program SLOPE/W, developed by 

Geo-Slope Inc.  Analyses searched for circular failure arcs on the upstream and 
downstream slope for the Steady Stage Seepage condition at the maximum pool 
elevations, which were set at 971.3 feet and 970 feet for the south and north ponds, 
respectively and the phreatic lines within the levees were estimated for each model.  We 
also evaluated the seismic (pseudo-static) stability for the each model.  The computer 
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program utilized the Morgenstern-Price method to calculate the critical failure surfaces for 
each case.  Four (4) cases were analyzed for each of six (6) models.  

 
We did not analyze the selected models using undrained shear strength parameters.  Undrained 
analyses are applicable to conditions that exist immediately following construction.  Inasmuch 
as the embankments have been in place for some time and the embankments have not been 
recently altered, we did not consider undrained analyses would appropriately model current 
conditions.  Also, since there is no mechanism to allow for rapid drawdown of the water levels 
within the ponds, we did not analyze the affect of rapid drawdown of pond water levels on the 
stability of slopes facing pond interiors. 

 
 The stability analysis results were compared with US Army Corps of Engineers (USACE) 

minimum requirements for earthen levees contained in Table 6.1b from USACE EM 1110-
2-1913.  Models of the Embankment Sections A-A, C-C, E-E, F-F, L-L, M-M, and O-O 
were analyzed.  Each of these models, representing sections in both the north and south 
pond, exhibit factors of safety greater than 1.4 for the steady state seepage conditions and 
greater than 1.0 for pseudo-static seismic conditions.  The results are summarized in a 
table in Section 4.5 of this report. 
 

 Since the time of our exploration, the owner reshaped portions of the pond side slope of the 
south levee to approximately 2 Horizontal: 1 Vertical by adding clay fill and surfacing with 
rip-rap at the water edge.  This fill placement is anticipated to reduce further erosion action 
and in our opinion will not reduce the stability of the levee at these locations. 
 

 Global stability of pond embankment slopes is sensitive to subsurface conditions, 
particularly at the base of the embankment slopes.  Without boring data at the toes of 
the embankments, we extrapolated conditions encountered within the interior of the 
embankment to beyond the landward and pond side toe.  Models do not reflect 
variations in stratigraphy or shear strength between or beyond the boring locations. 
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GEOTECHNICAL ENGINEERING REPORT 
PRELIMINARY OPINIONS OF GLOBAL STABILITY 

ASH CONTAINMENT POND EMBANKMENTS 
WALTER SCOTT ENERGY CENTER 

COUNCIL BLUFFS, IOWA 
 

Terracon Project No. 05105087 
October 22, 2010 

 
 
1.0 INTRODUCTION 
 
Consultants to the EPA are currently conducting an audit of the ash containment ponds located 
on the east side of the Walter Scott Energy Center (WSEC) in Council Bluffs, Iowa.  
MidAmerican Energy Company (MEC) requested Terracon Consultants, Inc. (Terracon) conduct 
cursory analyses of global stability of the earth embankments that surround the ash ponds.  
Terracon understands this report will be provided to the EPA consultants to assist with their 
audit.  Terracon conducted a limited subsurface exploration to obtain data concerning 
subsurface conditions for our use in performing the requested cursory global stability analyses 
of selected Ash Containment Pond embankments located at WSEC. Five borings, designated B-
1, B-2, B-4, B-5, and B-6, were completed to depths of approximately 50 feet below the existing 
ground surface.  To supplement data obtained from these borings, three electronic cone 
soundings, designated EC-1, EC-3 and EC-4 were completed to depths of approximately 19 to 47 
feet.  Boring B-3 and cone sounding EC-2 were not completed due to the presence of overhead 
power lines along that portion of the embankment.  Logs of the borings and cone penetrometer 
soundings along with a Location Diagram are included in Appendix A of this report. 
 
This study was performed in general accordance with our proposal number P05100622 dated 
September 21, 2010. 
 
2.0 PROJECT INFORMATION 

 
2.1 Project Description 

 Description 

Background Consultants to the EPA are currently conducting an audit of the ash 
containment ponds located on the east side of the Walter Scott 
Energy Center (WSEC) in Council Bluffs, Iowa.  MidAmerican 
Energy Company (MEC) requested Terracon conduct cursory 
analyses of slope stability of the levees surrounding the ash ponds.  
MEC will provide our report to the EPA consultant. 
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 Description 

Related Study A study of the north levee of the south pond and analysis of the 
underseepage and slope stability was completed by Terracon and 
the results were presented to Olmsted and Perry Consulting 
Engineers (OPCE) in a report dated September 10, 2010 (Terracon 
Project No. 05095039).  Additional borings were completed to 
install monitoring wells in the area of the containment ponds as part 
of a study conducted by MWH Consultants, Inc.  The boring logs 
and location diagram for these borings is included in Appendix C 
and were utilized to supplement the subsurface information for the 
current study. 

Limitations of this Study 

 

Terracon performed a cursory evaluation of the slope stability of the 
existing levees surrounding the north and south ash containment 
ponds at the WSEC facility.  Due to the limited scope of exploration 
and short time period allowed for these analyses, this study is not 
comprehensive, nor intended to meet any particular regulatory 
guidelines, but rather a preliminary study.  No exploration or 
analysis was provided for the levees adjacent to Mosquito or Pony 
Creek, since these are in the USACE program.  Opinions of global 
stability are based on simplified models developed as described in 
this report.  Rigorous analyses of embankment stability would 
require performance of additional exploratory borings and 
laboratory tests, and analyses of underseepage.   

Additional Information Representatives of Terracon, HGM Associates, Inc. (HGM), and 
MEC selected and marked 13 locations along the pond levees on 
September 17, 2010 which appeared to include the more critical 
slope heights and grades for stability analysis.  HGM provided 
survey cross-sections of the levees, extending into the pond area 
and beyond the toe on the opposite side from the pond.  MEC 
indicated the following anticipated maximum water elevations for 
the ponds as follows: 

 North Pond:   970 feet 
 South Pond:  971.3 feet (current elevation assumed) 

 

2.2 Site Location and Description 
Item Description 

Location 
The north and south ash containment ponds are located east of the 
WSEC in Council Bluffs, Iowa, between the WSEC and Interstate 
Highway 29.   
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Item Description 

Pond Descriptions 

The north pond was utilized primarily for fly ash disposal and is 
currently being mined for hydrated fly ash and crushed to form a 
product marketed as “C-Stone”.  The north pond is currently 
contained within an area along the east levee, extending to the 
north and south levees, with a large mass of hydrated fly ash 
separating the pond from the western portion of the containment 
area. 

The south pond was primarily used for containment of bottom ash 
and some process water.  Bottom ash is currently being mined from 
this pond.  The west levee of this containment area is embedded 
within a general fill area for a substation and some operations 
buildings, and is not considered a stability concern due to the wide 
area of containment.  The pond currently borders the north, east, 
and south levees and is currently about 94.5 acres in size.  

A survey completed by OPCE indicated the elevation of the bottom 
of the south ash pond ranges from about 959.6 to 969.9 feet within 
about 100 feet of the Pony Creek levee toe, with the deeper bottom 
elevations to the east of about Station 984+00.  The survey cross-
sections completed by HGM indicate that the bottom elevation of 
the south pond typically ranges from about 960 to 965 feet.  The 
bottom elevation of the north pond extends to about 953 feet near 
Pony Creek and is generally between 955 and 960 along the east 
levee. 

Pond Water Surface Elevations 

Water levels were recorded by HGM on September 11, 2010 as 
follows: 

 North Pond:   967.8 feet 
 South Pond:  971.3 feet 
 Pony Creek (location between ponds):  963.1 feet 

Existing Levees 

The ponds are surrounded by levees (earth embankments) on all 
sides.  The north and south ponds are separated by an east-west 
flowing section of Pony Creek.  The levees separating the ponds 
from Pony Creek are USACE designed levees, maintained by the 
M & P Levee Improvement District.  The north pond area is 
bordered on the west side by a levee along Mosquito Creek, which 
is also a USACE levee, maintained by the City of Council Bluffs.  
The remainder of the surrounding levees are maintained by MEC 
and were reportedly designed by Black and Veatch.  

The levee crest along Pony Creek is about Elevation 982 to 983 
feet along the ponds.  The levee crest along Mosquito Creek is 
about Elevation 979 to 981 feet where it borders the ponds.  The 
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Item Description 

elevation of the ash pond levees not bordering the creeks varies.  A 
low area of levee embankment is present along the east levee, 
near the southeast corner of the south pond and was recorded by 
HGM to be about Elevation 973.2 feet.  The remainder of the levee 
crest generally ranges from about Elevation 979 to 981 feet. 

The following information was obtained from the plans for the levee 
system, prepared by the USACE dated March 1980.  The levee 
sections bordering Pony Creek were designed with 3 horizontal to 1 
vertical slopes and contain random fill material within the core of 
the levee with lower permeability soils along the faces of the levee 
(3 feet thick creek side, 1 foot thick land or ash pond side). 

Plans dated January 21, 1974, provided by MEC and prepared by 
Black and Veatch indicate that the other pond levees were also 
constructed with 3 horizontal to 1 vertical side slopes, and included 
the initial construction of the embankment along the south side of 
Pony Creek to a crest elevation of about 980 feet. 

 
 
3.0 SUBSURFACE CONDITIONS 
 
3.1 Mapped Soil Units 
The project site is located in Pottawattamie County Iowa.  The Soil Survey of Pottawattamie 
County, Iowa, indicates the primary soil type at the project site is the Albaton Silty Clay soil unit.  
The following table summarizes the major soil unit identified in the Soil Survey. 

 

Soil Name Parent 
Material Drainage Class Flooding Frequency Depth to Seasonal 

High Water Table 
Albaton Silty 

Clay 
Clayey 

alluvium 
Poorly drained Occasional About 0 to 12 inches 

 
 
3.2 Typical Profile 
Borings and cone penetrometer soundings were conducted from the levee crest.  Subsurface 
conditions encountered at the borings are described as follows: 
 

Description Approximate Depth to Bottom 
of Stratum Material Encountered Consistency/Density 

Surface: N/A 
Grass and a shallow root 
zone 

N/A 
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Description Approximate Depth to Bottom 
of Stratum Material Encountered Consistency/Density 

Stratum 1 
(Embankment 

Fill) 
8 to 13 feet 

Fat Clay with pockets of 
Lean Clay and Silty Fine 

Sand 
N/A 

Stratum 2 
(Alluvium) 

33.5 feet at Boring 1 
>50 feet at Boring 2  
17.5 to 19.5  feet at Borings 4, 5, 
and 6  

Fat Clay Stiff to Very Stiff 

Stratum 3 
(Alluvium) 

Underlying Stratum 2 (except at 
Boring 2) to their completed 
depths 

Fine Sand, Silty Fine 
Sand 

Loose to Dense 

 
Since samples are not recovered using the cone, stratigraphy is correlated to cone penetration 
data.  These data inferred conditions similar to those encountered at nearby borings.  We inferred 
primarily cohesive soils are present to depths of about 16 feet at EC-2 and EC-3, and to a depth of 
about 47 feet at EC-1.  The cohesive soils were underlain by granular soils.  Conditions 
encountered at each boring location are indicated on the individual boring logs.  Stratification 
boundaries on the boring logs represent the approximate location of changes in soil types; in situ, 
the transition between materials may be gradual.  The boring logs and cone soundings are in 
Appendix A. 
 
3.3 Groundwater Conditions 
The boreholes were observed while drilling for the presence and level of groundwater.  The water 
levels observed are noted on the attached boring logs, and are summarized below. 

 
 

 
The levels of naturally occurring groundwater could not be determined following drilling where 
water or drilling slurry had been used to advance the boreholes.  We grouted the boreholes after 
drilling.  A relatively long period of time is necessary for a groundwater level to develop and 

Boring 
Number 

Depth to groundwater 
while drilling, ft. 

B-1 N/R1 

B-2 N/R1 

B-4 N/R1 

B-5 17.5 

B-6 18 
1. Water levels not recorded (N/R) below 10 feet because wash bore methods were used to 

advance borings. 
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stabilize in a borehole.  Longer term monitoring in cased holes or piezometers would be 
required for a more accurate evaluation of the groundwater conditions. 
 
Fluctuations of the water levels will occur due to fluctuations in the water level of the Missouri 
River, Mosquito and Pony Creeks, the ash ponds, seasonal variations in the amount of rainfall 
and runoff, and other factors not evident at the time the borings were performed.  Subsurface 
water levels during construction or at other times in the life of the structure will be higher or 
lower than the levels indicated in the boring logs.  Perched water conditions can also develop 
overlying clay layers.  The possibility of groundwater level fluctuations and development of 
perched water conditions should be considered when developing the design and construction 
plans for the project. 
 
 
4.0 GLOBAL STABILITY OF ASH POND EMBANKMENTS 
 
4.1 Mechanics of Slope Stability 
As used in slope stability analyses, Factor of Safety is considered to be the sum of resisting 
forces (those forces which resist movement) divided by the sum of driving forces (those forces 
which promote movement).  Therefore, for a slope to be stable, the resisting forces must be 
greater than the driving forces and their ratio, or Factor of Safety, must be greater than 1.  The 
acceptable factor of safety for any particular slope depends upon many factors.  Consequences 
of slope failure are one factor.  The extent to which subsurface material properties, piezometric 
pressures, and geometry are precisely known is another very important factor.    
 
Analyses techniques are based on principles of mechanics.  Input parameters include slope 
geometry, material strength, presence and orientation of discrete subsurface layers and water 
(piezometric) pressure. 
 
For this study, slope geometry was taken from survey cross sections supplied by HGM, material 
strength properties were inferred from available laboratory test data obtained by testing samples 
obtained from the limited number of exploratory borings, correlations with index properties and 
our experience with similar soils in the area. The estimated strength parameters are effective 
stress parameters.  Subsurface geometry was based on conditions encountered at borings 
conducted along the crest of embankments.  Piezometric surfaces were inferred based on 
elevations of static water surface levels in the ponds provided by HGM and short term water 
levels recorded at borings.     
 
4.2 Selection of Embankment Sections for Analysis  
Survey cross sections of the existing embankments at distinct locations were provided by HGM.  
Terracon selected seven (7) of the provided cross sections for slope stability analyses of the 
levees of the north and south ponds.  Four sections at the south pond (A-A, C-C, E-E, and F-F) 
and three sections at north pond (L-L, M-M, and O-O) were modeled.  The maximum water 
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surface elevations were considered as 971.3 feet and 970 feet for the south and north ponds, 
respectively.  These elevations were indicated by MEC to represent the highest anticipated water 
elevations which would be allowed to occur within these ponds. The effective stress shear strength 
parameters selected for the analyses are representative of post-peak strengths which consider the 
effects of long-term strain softening. 
 
We did not analyze the selected models using undrained shear strength parameters.  Undrained 
analyses are applicable to conditions that exist immediately following construction.  Inasmuch 
as the embankments have been in place for some time and the embankments have not been 
recently altered, we did not consider undrained analyses would appropriately model current 
conditions.  Also, since there is no mechanism to allow for rapid drawdown of the water levels 
within the ponds, we did not analyze the affect of rapid drawdown of pond water levels on the 
stability of slopes facing pond interiors. 
 
4.3 Subsurface Profile and Shear Strength Parameters 
Data obtained from our exploratory borings, cone soundings, the topographical survey of the 
site, and laboratory tests, were used to constitute the slope models for performing global 
stability analyses of the existing embankments.   
 
Borings and cone soundings were performed at the crest of the levees.  Explorations were not 
performed in the area of proposed Boring B-2 and Cone Sounding EC-2, which was not 
accessible to our drilling equipment due to overhead power lines.  The subsurface profiles for 
the analysis models were interpreted and extrapolated from the nearest boring or cone 
sounding.  Since borings were only performed at the crest of the existing levees and no 
information was available regarding the conditions at the toe of the embankments, we 
considered that stratum elevations encountered at the borings or cone soundings represented a 
relatively level contact between strata. 
 
The slope stability analyses utilized cohesion and friction angle values determined from 
experience with similar soils, correlation with data from index tests performed the samples 
recovered from borings, and shear strength test data obtained from discrete samples collected 
at the site during this and previous explorations.  Two consolidated undrained triaxial tests were 
performed on samples from this site exploration; one on Sample 4 of Boring B-2 and one on 
sample 5 of Boring B-5. Refer to appendix B. Strength parameters determined from the 
laboratory testing are representative of peak strengths. The design shear strength parameters 
selected for the embankment fill and native clay soils are representative of post-peak strengths, 
which consider the effects of long-term strain softening.  The effective friction angle for the 
native sand deposits was taken as 29 degrees, based on the correlated value range of 28 to 30 
degrees published in NAVFAC DM-7 for silty sand.  The shear strength parameters used in our 
analyses are summarized below: 
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Material Total Unit Weight 
(pcf) 

Effective Stress 
Friction Angle 

(degrees) 

Effective Stress 
Cohesion (psf) 

Embankment Fill 120 26 50 

Fat Clay Foundation 
Soils 

120 26 50 1 

Silty Sand 125 29 0 

1. Effective stress friction angles as low as 20 degrees were used in models for soft and 
very soft clay layers encountered below approximate elevation 950 feet. 

 
4.4 Earthquake Parameters for Seismic Analyses 
Based on 2008 USGS Earthquake Hazard Maps, the peak ground acceleration with a 2% 
probability of exceedance in 50 years at the project site is 0.0455 g. The pseudo static analyses 
were performed at 2/3 of the design acceleration ground acceleration. A horizontal seismic 
coefficient of 0.0428 and a vertical seismic coefficient of zero were used in our analyses.  
 
4.5 Results of Analyses 
Stability analyses were performed using the computer program SLOPE/W, developed by Geo-
Slope Inc.  Analyses searched for circular failure arcs on the upstream and downstream slope for 
the Steady Stage Seepage condition at the maximum pool elevations, which were set at 971.3 feet 
and 970 feet for the south and north ponds, respectively and the phreatic lines within the levees 
were estimated for each model.  We also evaluated the seismic (pseudo-static) stability for the 
each model.  The computer program utilized the Morgenstern-Price method to calculate the failure 
surfaces for each case.  Four (4) cases were analyzed for each of six (6) models.  The following 
table summarizes factors of safety determined for each case. 
 

Pond Section2 

Factor of Safety Obtained from Analysis 1 
Steady State Seepage Seismic (pseudo-static) 

Required 
Minimum 
Factor of 
Safety 3 Upstream Downstream 

Required 
Minimum 
Factor of 
Safety 3 Upstream Downstream 

South 

A-A 1.4 1.73 1.79 1.0 1.52 1.57 

C-C 1.4 1.50 1.82 1.0 1.39 1.60 

E-E 1.4 4.05 2.20 1.0 2.42 1.82 

F-F 1.4 1.66 1.64 1.0 1.45 1.44 

North 

L-L 1.4 1.70 1.61 1.0 1.50 1.40 

M-M 1.4 1.74 1.87 1.0 1.49 1.60 

O-O 1.4 1.57 1.64 1.0 1.39 1.46 
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Pond Section2 

Factor of Safety Obtained from Analysis 1 
Steady State Seepage Seismic (pseudo-static) 

Required 
Minimum 
Factor of 
Safety 3 Upstream Downstream 

Required 
Minimum 
Factor of 
Safety 3 Upstream Downstream 

1. Reported factors of safety are for deep seated circular “failure” surfaces that emerge near the 
levee crest.  Computed factors of safety for shallow circular “failure” surfaces near the toe of the 
levee may be smaller. 

2. Refer to Ash Pond Plan in Exhibit D-1, for cross section locations. 
3. Reference: Table 6.1b from EM 1110-2-1913 

 
Based on these analyses, Models of the Embankment Sections (A-A, C-C, E-E, F-F, L-L, M-M, 
and O-O) exhibit factors of safety greater than 1.4 for the steady state seepage conditions and 
greater than 1.0 for pseudo-static seismic conditions.  Graphical results of the slope stability 
analyses for all cases are in Appendix D.   
 
Since the time of our exploration, the owner reshaped portions of the pond side slope of the south 
levee to approximately 2 Horizontal:1 Vertical by adding clay fill and surfacing with rip-rap at the 
water edge.  This fill placement is anticipated to reduce further erosion action and in our opinion will 
not reduce the stability of the levee at these locations. 
 
The global stability of pond embankment slopes is sensitive to subsurface conditions, 
particularly at the base of the embankment slopes.  Without boring data at the toes of the 
embankments, we extrapolated conditions encountered within the interior of the embankment to 
beyond the landward and pond side toe.  Our models do not reflect variations in stratigraphy or 
shear strength between or beyond the boring locations.   
 
 
5.0 GENERAL COMMENTS 
 
The limited, cursory global stability analyses presented in this report are based upon the data 
obtained from the borings performed at the indicated locations and from other information 
discussed in this report.  The models for global stability analysis were developed using survey 
data provided by others.  Subsurface stratigraphy for each model was extrapolated from nearby 
borings; actual conditions may be different and such differences would affect the results of our 
analyses.  More rigorous analyses would require more exploration and laboratory tests and 
analyses of underseepage.  This report does not reflect variations that may occur between 
borings, across the site, or due to the modifying effects of construction or weather.  The nature 
and extent of such variations may not become evident until during or after construction.  If 
variations appear, we should be immediately notified so that further evaluation and 
supplemental recommendations can be provided.  
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The scope of services for this project does not include either specifically or by implication any 
environmental or biological (e.g., mold, fungi, bacteria) assessment of the site or identification or 
prevention of pollutants, hazardous materials or conditions.  If the owner is concerned about the 
potential for such contamination or pollution, other studies should be undertaken. 
 
This report has been prepared for the exclusive use of our client for specific application to the 
project discussed and has been prepared in accordance with generally accepted geotechnical 
engineering practices.  No warranties, either express or implied, are intended or made.  Site 
safety, excavation support, and dewatering requirements are the responsibility of others.  In the 
event that the actual embankment conditions are found to vary from the analyses models 
described in this report, the analyses and opinions expressed herein shall not be considered 
valid unless Terracon reviews the actual conditions and further verifies the analyses and 
opinions of this report in writing. 
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SILTY FINE SAND
Gray
Medium dense

Loose, with decayed wood fragments at
about 38.5 feet

Dense at about 48.5 feet
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Field Exploration Description 
 
The drill crew staked the boring and cone sounding locations relative to the cross-section locations 
which had been staked by HGM.  The borings were completed near the center of the levee crest, 
or in the case of Boring 1 and Cone sounding EC-1, were completed near the roadway shoulder.  
Distances were measured with a mechanical wheel or nylon tape and right angles for these 
measurements were estimated.  The approximate boring locations are shown on the Boring 
Location Diagram included in Appendix A. The locations of the borings should be considered 
accurate only to the degree implied by the means and methods used to define them. 
 
Ground surface elevations indicated on the boring logs are approximate and have been rounded to 
the nearest ½-foot.  The elevations were estimated from the levee cross sections provided by HGM 
Associates, Inc.  The elevations of the soil borings should be considered accurate only to the 
degree implied by the means and methods used to define them.   
 
The borings were advanced with a both track and truck-mounted drilling rigs utilizing continuous 
flight hollow-stem augers and rotary wash methods to advance the boreholes.  Representative 
samples were obtained using thin-walled tube and split-barrel sampling procedures.  In the thin-
walled tube sampling procedure, a thin-walled, 3-inch OD, seamless steel tube with a sharp cutting 
edge is pushed hydraulically into the ground to obtain relatively undisturbed samples of cohesive or 
moderately cohesive soils.  In the split-barrel sampling procedure, a standard 2-inch O.D. split-
barrel sampling spoon is driven into the ground with an automated 140-pound hammer falling a 
distance of 30 inches.  The number of blows required to advance the sampling spoon the last 12 
inches of a normal 18-inch penetration is recorded as the standard penetration resistance value.  
These values are indicated on the boring logs at the depths of occurrence.  The samples were 
sealed and transported to the laboratory for testing and classification.  The boreholes were grouted 
with a cement-bentonite slurry. 
 
The drill crew prepared a field log for each boring.  Each log included visual classifications of the 
materials encountered during drilling as well as the driller's interpretation of the subsurface 
conditions between samples.  The boring logs included with this report represent an interpretation 
of the field logs and include modifications based on laboratory observation and tests of the 
samples. 
 
We also performed electronic piezo-cone penetrometer soundings for this project.  This device 
includes a cone-tipped sounding unit attached to steel rods with flush joint couplings.  The 
sounding unit has electronic strain gauges that measure point resistance and sleeve friction, a 
transducer that measures pore water pressure and an inclinometer that measures verticality of the 
sounding unit.  The readings from the cone instruments are transmitted acoustically through the 
rods to a computer at the surface that stores the data and provides real-time display of the cone 
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results.  A depth encoder device monitors penetration as the rods are pushed slowly into the 
ground.  The cone unit records the measured values at 2-cm intervals. The resistance to 
penetration and pore water pressure can be correlated with soil strength and density properties, 
and soil type can be estimated.  Results of the cone penetrometer testing provide valuable 
information on in-situ soil characteristics and stratigraphy for stability, bearing capacity and 
settlement analyses.   
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APPENDIX B 
LABORATORY TESTING 
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Laboratory Testing 
 
Moisture content tests were performed on the samples.  Density determinations were made on 
most of the thin-walled tube samples.  The unconfined compressive strength of most of the 
cohesive samples was estimated with a hand penetrometer.  The results of these laboratory tests 
are provided on the boring logs.  In addition, sixteen Atterberg limits, ten grain size analyses, one 
unconfined compression test, three unconsolidated, undrained triaxial tests, and two consolidated, 
undrained triaxial tests were completed for this project. The results of the Atterberg limits tests are 
provided on the boring logs. The results of the laboratory tests are provided in Appendix B. 
 
The samples were classified in the laboratory based on visual observation, texture and plasticity.  
Additional laboratory testing could be performed to more accurately classify the samples. The soil 
descriptions presented on the boring logs for native soils are in accordance with our enclosed 
General Notes and Unified Soil Classification System (USCS).  The estimated group symbol for 
the USCS is also shown on the boring logs for native soils, and a brief description of the Unified 
System is included with this report. 
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SIEVE DIAMETER, PASS,
SIZE mm %

2" 50.8 100
1.5" 38.1 100
1" 25.7 100
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SIEVE DIAMETER, PASS,
SIZE mm %

2" 50.8 100
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SIEVE DIAMETER, PASS,
SIZE mm %

2" 50.8 100
1.5" 38.1 100
1" 25.7 100

3/4" 19.0 100
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SIEVE DIAMETER, PASS,
SIZE mm %

2" 50.8 100
1.5" 38.1 100
1" 25.7 100

3/4" 19.0 100
1/2" 12.7 100
3/8" 9.5 100
#4 4.76 100
#10 2.00 100
#20 0.85 100
#40 0.42 100
#80 0.177 53
#200 0.074 8
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SIEVE DIAMETER, PASS,
SIZE mm %

2" 50.8 100
1.5" 38.1 100
1" 25.7 100

3/4" 19.0 100
1/2" 12.7 100
3/8" 9.5 100
#4 4.76 100
#10 2.00 100
#20 0.85 100
#40 0.42 99
#80 0.177 62
#200 0.074 10
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COUNCIL BLUFFS, IA JOB NO. DATE

N:\Projects\2010\05105087\Omaha Lab\Sieves\[05105087 Sieve B-4, S-11, 43.5-45' 9-30-10.xls]REPORT

4 11 43.5 TO 45 GRAY POORLY GRADED SAND WITH SILT

05105087 9/30/10

BORING
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DEPTH,
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ATTERBERG LIMITS
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SIEVE DIAMETER, PASS,
SIZE mm %

2" 50.8 100
1.5" 38.1 100
1" 25.7 100

3/4" 19.0 100
1/2" 12.7 100
3/8" 9.5 100
#4 4.76 100
#10 2.00 100
#20 0.85 100
#40 0.42 100
#80 0.177 73
#200 0.074 37

GRAIN SIZE DISTRIBUTION CURVE

SAMPLE SPECIMEN UNIFIED NAT
ID DESCRIPTION SYMBOL M% LL PL PI

*TESTED IN OMAHA

PROJECT WSEC ASH CONTAINMENT PONDS

COUNCIL BLUFFS, IA JOB NO. DATE

N:\Projects\2010\05105087\Omaha Lab\Sieves\[05105087 Sieve B-5, S-7, 23-25' 9-30-10.xls]REPORT

05105087 9/30/10

BORING
ID

DEPTH,
feet

ATTERBERG LIMITS

SM5 7 23 TO 25 GRAY SILTY SAND
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SIEVE DIAMETER, PASS,
SIZE mm %

2" 50.8 100
1.5" 38.1 100
1" 25.7 100

3/4" 19.0 100
1/2" 12.7 100
3/8" 9.5 100
#4 4.76 100
#10 2.00 100
#20 0.85 100
#40 0.42 97
#80 0.177 29
#200 0.074 6

D10 0.0877

Cu 3.0
Cc 1.4

GRAIN SIZE DISTRIBUTION CURVE

SAMPLE SPECIMEN UNIFIED NAT
ID DESCRIPTION SYMBOL M% LL PL PI

*TESTED IN OMAHA

PROJECT WSEC ASH CONTAINMENT PONDS

COUNCIL BLUFFS, IA JOB NO. DATE

N:\Projects\2010\05105087\Omaha Lab\Sieves\[05105087 Sieve B-5, S-11, 43-45' 9-30-10.xls]REPORT

05105087 9/30/10

BORING
ID

DEPTH,
feet

ATTERBERG LIMITS

SP-SM5 11 43 TO 45 GRAY POORLY GRADED SAND WITH SILT
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SIEVE DIAMETER, PASS,
SIZE mm %

2" 50.8 100
1.5" 38.1 100
1" 25.7 100

3/4" 19.0 100
1/2" 12.7 100
3/8" 9.5 100
#4 4.76 100
#10 2.00 100
#20 0.85 100
#40 0.42 100
#80 0.177 76
#200 0.074 8

D10 0.0760

Cu 1.9
Cc 0.9

GRAIN SIZE DISTRIBUTION CURVE

SAMPLE SPECIMEN UNIFIED NAT
ID DESCRIPTION SYMBOL M% LL PL PI

*TESTED IN OMAHA

PROJECT WSEC ASH CONTAINMENT PONDS

COUNCIL BLUFFS, IA JOB NO. DATE

N:\Projects\2010\05105087\Omaha Lab\Sieves\[05105087 Sieve B-6, S-8, 28-30' 9-30-10.xls]REPORT

05105087 9/30/10

BORING
ID

DEPTH,
feet

ATTERBERG LIMITS

SP-SM6 8 28 TO 30 LIGHT GRAY POORLY GRADED SAND WITH SILT
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SIEVE DIAMETER, PASS,
SIZE mm %

2" 50.8 100
1.5" 38.1 100
1" 25.7 100

3/4" 19.0 100
1/2" 12.7 100
3/8" 9.5 100
#4 4.76 100
#10 2.00 100
#20 0.85 99
#40 0.42 93
#80 0.177 20
#200 0.074 5

D10 0.0963

Cu 2.9
Cc 1.4

GRAIN SIZE DISTRIBUTION CURVE

SAMPLE SPECIMEN UNIFIED NAT
ID DESCRIPTION SYMBOL M% LL PL PI

*TESTED IN OMAHA

PROJECT WSEC ASH CONTAINMENT PONDS

COUNCIL BLUFFS, IA JOB NO. DATE

N:\Projects\2010\05105087\Omaha Lab\Sieves\[05105087 Sieve B-6, S-12, 48-50' 9-30-10.xls]REPORT

05105087 9/30/10

BORING
ID

DEPTH,
feet

ATTERBERG LIMITS

SP-SM6 12 48 TO 50 GRAY POORLY GRADED SAND WITH SILT
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SPECIMEN #: A

WATER CONTENT, % FROM TRIMMINGS 34.9

DRY DENSITY, pcf 84.3

SATURATION, % 94

VOID RATIO 1.00

WATER CONTENT, % AFTER SHEAR 35.9

MINOR PRINCIPAL STRESS, psi 13.0

3.9

DEVIATOR STRESS AT % STRAIN, psi 8.6

STRAIN AT PEAK DEVIATOR STRESS, % 3.9

DEVIATOR STRESS AT 15% STRAIN, psi 4.4

INITIAL DIAMETER, inch  2.885

CONTROLLED - STRAIN TEST INITIAL HEIGHT, inch  6.340

STRAIN RATE, %/minute 0.30

DESCRIPTION OF SPECIMENS:

LL 58 PL 24 PI 34 Gs 2.7 EST. SAMPLE TYPE: 3" SHELBY TUBE TEST TYPE: UU

REMARKS: PROJECT:

BORING #: 2

SAMPLE #: 5

DEPTH, feet: 13 - 15

LABORATORY: DATE:

TRIAXIAL COMPRESSION TEST REPORT

N:\Projects\2010\05105087\Omaha Lab\UU\[05105087 UU B-2, S-5, 13-15' 9-30-10.xls]REPORT

9/30/2010

COUNCIL BLUFFS, IA

PROCEDURE: ASTM D2850, UNCONSOLIDATED, UNDRAINED COMPRESSIVE STRENGTH OF COHESIVE SOILS IN TRIAXIAL COMPRESSION, 
MEMBRANE CORRECTION APPLIED. OTHER TESTS WERE CONDUCTED IN GENERAL ACCORDANCE WITH ASTMS D2216 AND D4318 IF 
APPLICABLE.                                                                                                          

FAT CLAY (CH), MOTTLED BROWN, GRAYISH BROWN, & GRAY

TERRACON - OMAHA

MOHR'S CIRCLES DRAWN AT % STRAIN
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SPECIMEN #: A

WATER CONTENT, % FROM TRIMMINGS 16.3

DRY DENSITY, pcf 104.7

SATURATION, % 72

VOID RATIO 0.61

WATER CONTENT, % AFTER SHEAR 20.6

MINOR PRINCIPAL STRESS, psi 8.1

6.3

DEVIATOR STRESS AT % STRAIN, psi 18.4

STRAIN AT PEAK DEVIATOR STRESS, % 6.3

DEVIATOR STRESS AT 15% STRAIN, psi 13.6

INITIAL DIAMETER, inch  2.888

CONTROLLED - STRAIN TEST INITIAL HEIGHT, inch  6.300

STRAIN RATE, %/minute 0.30

DESCRIPTION OF SPECIMENS:

LL 30 PL 13 PI 17 Gs 2.7 EST. SAMPLE TYPE: 3" SHELBY TUBE TEST TYPE: UU

REMARKS: PROJECT:

BORING #: 4

SAMPLE #: 4

DEPTH, feet: 8 - 10

LABORATORY: DATE:

TRIAXIAL COMPRESSION TEST REPORT

N:\Projects\2010\05105087\Omaha Lab\UU\[05105087 UU B-4, S-4, 8-10' 9-30-10.xls]REPORT

9/30/2010

COUNCIL BLUFFS, IA

PROCEDURE: ASTM D2850, UNCONSOLIDATED, UNDRAINED COMPRESSIVE STRENGTH OF COHESIVE SOILS IN TRIAXIAL COMPRESSION, 
MEMBRANE CORRECTION APPLIED. OTHER TESTS WERE CONDUCTED IN GENERAL ACCORDANCE WITH ASTMS D2216 AND D4318 IF 
APPLICABLE.                                                                                                          

LEAN CLAY (CL), MOTTLED VERY DARK GRAYISH BROWN & VERY DARK GRAY

TERRACON - OMAHA

MOHR'S CIRCLES DRAWN AT % STRAIN

05105087
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SPECIMEN #: A

WATER CONTENT, % FROM TRIMMINGS 27.8

DRY DENSITY, pcf 95.6

SATURATION, % 98

VOID RATIO 0.76

WATER CONTENT, % AFTER SHEAR 27.3

MINOR PRINCIPAL STRESS, psi 10.4

8.8

DEVIATOR STRESS AT % STRAIN, psi 28.7

STRAIN AT PEAK DEVIATOR STRESS, % 8.8

DEVIATOR STRESS AT 15% STRAIN, psi 23.2

INITIAL DIAMETER, inch  1.331

CONTROLLED - STRAIN TEST INITIAL HEIGHT, inch  2.917

STRAIN RATE, %/minute 0.30

DESCRIPTION OF SPECIMENS:

LL 52 PL 21 PI 31 Gs 2.7 EST. SAMPLE TYPE: 3" SHELBY TUBE TEST TYPE: UU

REMARKS: PROJECT:

BORING #: 5

SAMPLE #: 4

DEPTH, feet: 8 - 10

LABORATORY: DATE:

TRIAXIAL COMPRESSION TEST REPORT

N:\Projects\2010\05105087\Omaha Lab\UU\[05105087 UU B-5, S-4, 8-10' 9-30-10.xls]REPORT

9/30/2010

COUNCIL BLUFFS, IA

PROCEDURE: ASTM D2850, UNCONSOLIDATED, UNDRAINED COMPRESSIVE STRENGTH OF COHESIVE SOILS IN TRIAXIAL COMPRESSION, 
MEMBRANE CORRECTION APPLIED. OTHER TESTS WERE CONDUCTED IN GENERAL ACCORDANCE WITH ASTMS D2216 AND D4318 IF 
APPLICABLE.                                                                                                          

FAT CLAY (CH), VERY DARK GRAYISH BROWN

TERRACON - OMAHA

MOHR'S CIRCLES DRAWN AT % STRAIN

05105087
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Same as sandy silt/silty sand as 0 to 0.75 feet bgs.

Fill, limestone gravel, gravel is angular with varying diameters.

Sandy silt/silty sand, light brown, loose, moist, 2.0 to 3.0 phi grain
size, well sorted, subrounded, greater than 95% quartz.

Sandy silt/silty sand, light brown to light gray, loose, moist, same
as 1.5 to 2.0 feet bgs.

Silty clay/clay, olive gray to dark gray, soft to crumbly, moist to dry,
high plasticity.

2

5

11

14

Silty clay, olive gray, medium stiff, moist, medium plasticity.

Sandy silt, dark gray, loose/crumbly, dry to moist, non-plastic, well
sorted, 2.5 to 3.5 phi grain size, sand composed of greater than
95% quartz, straw inbedded.

Same as 12 to 12.75 but hard to very stiff.

Same as 10 to 12 feet bgs, but medium stiff.

Same as 8.5 to 10 feet bgs with 0.25 inch sand band at 11.25 feet
bgs, very stiff to hard, dry to moist, with minor organic material
composed of roots, wood, and etc.

Clay, dark gray, very stiff, dry to moist, high plasticity, fine sand
bands at approximately 9.5 ft to 9.9 ft bgs, sand bands are dark
gray, 2.0 to 3.0 phi grain size, well sorted, and composed of greater
than 95% quartz.

Sand with minor silt, olive gray to yellowish orange, loose to
medium dense, moist to dry, 1.5 to 2.5 phi grain size, well sorted,
subrounded, sand composed of 95% quartz and 5% other rock
fragments-black flecks with minor lignite banding.
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Continued Next Page

Description
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Driller Reg. # 7801

Top of Casing 981.05 ft 03/20/08
09:53

03/17/08
15:55

Screen: Diameter 2 in

Portland Cement

Drill Co. Thiele Geotech

Sand Pack

Surface Elev. 981.05 ft

Sand Pack

COMMENTS

Bentonite Grout

Start Date 3/17/2008

Driller J. Carmen

Completion Date 3/17/2008

Filter pack is Unimin 20/40 Filter
Sil sand.
added during soil boring and well
completion activities due to
heavying sands.

Type PVC
Drilling Method Hollow Stem Auger/24-inch split spoon

Water Level Initial 952.574
Hole Depth 32.0ft Type/Size PVC/0.01 inLength 10.0 ft

Casing: Diameter 2 in Length 22.0 ft

Grout

Hole Diameter 8.0 in

East 998168.83
Static 952.644

North 437777.012

Checked By K. Armstrong

Bentonite Granules

Log By A. Shawda

100%

100%

100%

100%

100%

100%

100%

100%
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Clay, light gray with light brown mottles, soft, moist, high plasticity.

Same light brown clay, but no mottles, getting softer with depth,
moist to wet at 20 ft with trace of 2.5 to 3.5 phi sand, sand
composed of greater than 95% quartz.

Clay, light gray with light brown veining grading to light brown color
with light gray mottles, medium stiff to soft with depth, moist, high
plasticity

Clay, dark gray, soft, moist, high plasticity, still has pieces of straw
embedded.

Silt, dark gray, loose/crumbly, dry, non-plastic.

Same as 22.5 to 24 but wet at approximately 25 ft bgs, minor silt
matrix.

Silt with trace sand, light gray to olive gray, loose/crumbly, moist,
no plasticity.

End of boring = 32 feet bgs.

Sand, olive gray to dark gray, loose, wet, 1.0 to 2.0 phi grain size,
well sorted, subrounded, sand composed of 95% quartz and 5%
rock fragments - black flecks.

Same as 26 to 28 ft bgs, sand with silt, wet, 1.5 to 2.5 phi grain
size, well sorted, black flecks-lignite.
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lo

w
 C

ou
nt

R
ec

ov
er

y

G
ra

ph
ic

Lo
g

Sand, light brown, wet, same as 25 to 26 ft bgs.
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Drilling Log
Monitoring Well

Sand, yellowish orange, loose, moist to dry, 2.5 to 3.5 phi grain
size, well sorted, subrounded, sand composed of  greater than
95% quartz and 5% other rock fragments - black flecks.

Owner MidAmerican Energy Company
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Fill, yellowish orange and light brown, hard, dry, crumbly, no
plasticity.

Sand, yellowish orange, loose, dry, 2.0-3.0 phi grain size, well
sorted, subrounded, sand composed of greater than 95% quartz
and less than 5% other rock fragments - black flecks.

Clay, dark gray to light brown, soft, moist, high plasticity.

Silty clay, light brown, soft to medium stiff, moist, low plasticity.  At
14ft bgs, clay to silty clay, light brown to dark gray, medium stiff to
stiff, dry to moist, medium plasticity.

Silt, light gray, crumbly, moist to dry with depth, no plasticity.
Silty clay to silt, light gray, soft, moist, no plasticity.

Silty clay/fill mix, greenish gray, moist, no plasticity.
Fill, dark gray, looe, dry, no plasticity.

Fill, yellowish brown, loose, dry, no plasiticy.
Fill, dark gray to olive gray, hard crumbly, no plasticity.

Same as 3.75 to 4.5 but light brown.

Same sand, increasing moisture with depth - moist to wet at 20 ft
bgs, also increase in grain size to 1.5 to 2.5 phi.

Fill, dark gray to olive gray with greenish gray mottles, hard, dry,
crumbly, no plasticity.

Fill/silt, yellowish orange to light brown, loose, dry, crumbly, no
plasticity.

Same sand as 14.5ft to 16.0 ft bgs, grading to yellowish orange to
light brown with slight moisture at 17.75ft to 18 feet bgs.

Project WSEC CCR Monofill

Water Level Initial 957.612

Location 18236 Applewood Rd, Council Bluffs, IA Project Number
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Geologic Descriptions are Based on the USCS.
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Description

Continued Next Page
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Sand Pack

East 998711.403

Hole Diameter 8.0 in

Log By A. Shawda

Sand Pack

Top of Casing 980.50 ft

Completion Date 3/18/2008

03/18/08
15:10 Static 957.612

Drill Co. Thiele Geotech

03/18/08
15:10

Surface Elev. 977.62 ft

Filter pack is Unimin 20/40 Filter
Sil sand.

COMMENTS

Casing: Diameter 2 in

Driller Reg. # 7801

Bentonite Grout

Start Date 3/18/2008

Driller J. Carmen

Hole Depth 30.0ft
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Portland Cement

Screen: Diameter 2 in

North 441957.079

Length 10.0 ft
Length 20.0 ft Type PVC

Type/Size PVC/0.01 in

GroutBentonite Granules

Checked By K. Armstrong
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Project WSEC CCR Monofill

Same sand, moist to wet.

Sand, light brown to olive gray, loose, wet, 1.5 to 2.5 phi grain size,
well sorted, subrounded, sand composed of 95% quartz and 5%
other rock fragments - black flecks.
Sand, olive gray, loose to medium dense, wet, 1.5 to 2.5 phi grain
size, well sorted, subrounded, sand composed of 95% quartz and
5% rock fragments - black flecks.

Silty sand/sand silt, olive gray to dark gray, loose to medium dense,
wet, 2.0 to 3.0 phi grain size, well sorted, sand composed of 90%
quartz and 10% rock fragments - black flecks, no plasticity.

End of boring = 30 feet bgs.
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Drill Co. Thiele Geotech

Sand Pack

Surface Elev. 968.61 ft

Filter pack is Unimin 20/40 Filter
Sil sand.

COMMENTS

Casing: Diameter 2 in

Bentonite Grout

Driller J. Carmen
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Driller Reg. # 7801

Sand, yellowish orange to light brown, loose, dry to moist, 1.5 to
2.5 phi grain size, well sorted, subrounded, sand composed of
greater than 95% quartz and less than 5% rock fragments -black
lignite flecks.

End of boring = 16 feet bgs.

Same wet sand as 8-14 feet but increase in lignite flecks - very few
red flecks and color olive gray, sand composed of 90% quartz and
10% other rock fragments - lignite flecks.

Same sand as 5.9-6.0 ft bgs, with 6 ft to 7 ft bgs moist, 7 ft to 7.5
ft bgs moist to wet, and 7.5 to 7.75 ft bgs wet.

Silty clay, light brown to olive gray, soft to crumbly, moist, low
plasticity.

Silt, light gray, crumbly, moist to dry, no plasticity, organic matter,
roots and etc.

Same as 0-0.5 feet but dry.

Silt to silty clay, light brown with organic material, loose to soft and
crumbly, moist, low to no plasticity, roots and etc.

Same wet sand as 7.5 to 7.75 feet bgs with red rock fragments as
well as black flecks, lignite layer/band at 14 ft bgs.
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Length 6.0 ft Type PVC
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Checked By K. Armstrong

Hole Diameter 8.0 in

Owner MidAmerican Energy Company

Drilling Log
Monitoring Well

Length 10.0 ft

Top of Casing 971.50 ft

Type/Size PVC/0.01 in

Drilling Method Hollow Stem Auger/24-inch split spoon

Water Level Initial 961.154
Hole Depth 16.0ft
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End of boring = 18 ft bgs.

Sand, light brown to yellowish orange, loose, wet, 2.0 to 3.0 phi
grain size, well sorted, subrounded, sand composed of 95% quartz
and 5% rock fragments - black flecks.

Clay, light gray, stiff to medium stiff, wet, high plasticity.

Sand, light brown to yellowish orange, loose, wet, 2.0 to 3.0 phi
grain size, well sorted, subrounded, sand composed of 95% quartz
and 5% rock fragments - black flecks.

Sand, yellowish orange to light gray, loose, dry to slightly moist with
increased moisture at 8 ft bgs, 2.5 to 3.5 phi grain size, sand
composed of greater than 95% quartz and less than 5% rock
fragments - black flecks and reds.

Sand, yellowish orange, loose, dry to moist, 2.5 to 3.5 phi grain
size, well sorted, subrounded, sand composed of greater than 95%
quartz and less than 5% rock fragments - black flecks and reds.

Silt with minor fine sand, light brown to yellowish orange, soft, wet,
no plasticity.

Clay, light gray, very stiff, moist, roots.

CL
ML

Silt/silty clay, light brown, stiff to very stiff, moist to wet from 0.0 ft
to 0.5 ft bgs and then moist, medium to low plasticity, organic
materials - roots, grass, and etc.

Silty clay, light brown, soft, moist, medium plasticity, few roots.
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Sand PackBentonite Granules

Checked By K. Armstrong

North 438598.96

Filter pack is Unimin 20/40 Filter
Sil sand.

03/19/08
17:00

East 998425.105
Static

Surface Elev. 968.24 ft
Top of Casing 971.18 ft

Sand Pack

Screen: Diameter 2 in

Drill Co. Thiele Geotech

Portland Cement

Log By A. Shawda

Drilling Method Hollow Stem Auger/24-inch split spoon

Length 10.0 ft Type/Size PVC/0.01 in

COMMENTS

Type PVCLength 7.5 ftHole Diameter 8.0 in

Grout

Hole Depth 18.0ft
Water Level Initial 957.211
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GENERAL NOTES 
DRILLING & SAMPLING SYMBOLS: 
SS: Split Spoon – 1-3/8 HS: " I.D., 2" O.D., unless otherwise noted Hollow Stem Auger 
ST: Thin-Walled Tube - 3" O.D., unless otherwise noted PA: Power Auger 
RS: Ring Sampler - 2.42" I.D., 3" O.D., unless otherwise noted HA: Hand Auger 
DB: Diamond Bit Coring - 4", N, B RB: Rock Bit 
BS: Bulk Sample or Auger Sample WB: Wash Boring or Mud Rotary 

The number of blows required to advance a standard 2-inch O.D. split-spoon sampler (SS) the last 12 inches of the total 18-inch 
penetration with a 140-pound hammer falling 30 inches is considered the “Standard Penetration” or “N-value”. 

WATER LEVEL MEASUREMENT SYMBOLS: 
WL: Water Level WS: While Sampling N/E: Not Encountered 
WCI: Wet Cave in WD: While Drilling   
DCI: Dry Cave in BCR: Before Casing Removal   
AB: After Boring ACR: After Casing Removal   

Water levels indicated on the boring logs are the levels measured in the borings at the times indicated.  Groundwater levels at other 
times and other locations across the site could vary.  In pervious soils, the indicated levels may reflect the location of groundwater.  
In low permeability soils, the accurate determination of groundwater levels may not be possible with only short-term observations. 

DESCRIPTIVE SOIL CLASSIFICATION: Soil classification is based on the Unified Classification System.  Coarse Grained Soils 
have more than 50% of their dry weight retained on a #200 sieve; their principal descriptors are: boulders, cobbles, gravel or sand.  
Fine Grained Soils have less than 50% of their dry weight retained on a #200 sieve; they are principally described as clays if they are 
plastic, and silts if they are slightly plastic or non-plastic.  Major constituents may be added as modifiers and minor constituents may 
be added according to the relative proportions based on grain size.  In addition to gradation, coarse-grained soils are defined on the 
basis of their in-place relative density and fine-grained soils on the basis of their consistency. 

 

CONSISTENCY OF FINE-GRAINED SOILS RELATIVE DENSITY OF COARSE-GRAINED SOILS 
Unconfined 

Compressive 
Strength, Qu, psf 

Standard Penetration 
or N-value (SS) 

Blows/Ft. 
Consistency 

Standard Penetration 
or N-value (SS) 

Blows/Ft. 
Ring Sampler (RS) 

Blows/Ft. Relative Density 

< 500 0-1 Very Soft 0 – 3 0-6 Very Loose 
500 – 1,000 2-4 Soft 4 – 9 7-18 Loose 

1,001 – 2,000 4-8 Medium Stiff 10 – 29 19-58 Medium Dense 
2,001 – 4,000 8-15 Stiff 30 – 49 59-98 Dense 
4,001 – 8,000 15-30 Very Stiff > 50 > 99 Very Dense 

8,000+ > 30 Hard    

RELATIVE PROPORTIONS OF SAND AND GRAVEL GRAIN SIZE TERMINOLOGY 

Descriptive Term(s) of other 
Constituents 

Percent of 
Dry Weight 

Major Component 
of Sample 

Particle Size 

Trace < 15 Boulders Over 12 in. (300mm) 
With 15 – 29 Cobbles 12 in. to 3 in. (300mm to 75 mm) 

Modifier > 30 Gravel 3 in. to #4 sieve (75mm to 4.75 mm) 

  
Sand 

Silt or Clay 
#4 to #200 sieve (4.75mm to 0.075mm) 

Passing #200 Sieve (0.075mm) 

RELATIVE PROPORTIONS OF FINES  PLASTICITY DESCRIPTION  
Descriptive Term(s) of other 

Constituents 
Percent of 
Dry Weight  Term 

Plasticity 
Index  

Trace < 5  Non-plastic 0  
With 5 – 12  Low 1-10  

Modifiers > 12  Medium 11-30  
   High > 30  

C-1 
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UNIFIED SOIL CLASSIFICATION SYSTEM 

Criteria for Assigning Group Symbols and Group Names Using Laboratory Tests A 
Soil Classification 

Group 
Symbol Group Name B 

Coarse Grained Soils: 
More than 50% retained 
on No. 200 sieve 

Gravels: 
More than 50% of 
coarse 
fraction retained on 
No. 4 sieve 

Clean Gravels: 
Less than 5% fines

Cu ≥ 4 and 1 ≤ Cc ≤ 3
 C 

GW  E Well-graded gravel F 
Cu < 4 and/or 1 > Cc > 3 GP  E Poorly graded gravel F 

Gravels with Fines: 
More than 12% fines

Fines classify as ML or MH 
 C 

GM Silty gravel F,G, H 
Fines classify as CL or CH GC Clayey gravel F,G,H 

Sands: 
50% or more of coarse 
fraction passes 
No. 4 sieve 

Clean Sands: 
Less than 5% fines

Cu ≥ 6 and 1 ≤ Cc ≤ 3
 D 

SW  E Well-graded sand I 
Cu < 6 and/or 1 > Cc > 3 SP  E Poorly graded sand I 

Sands with Fines: 
More than 12% fines

Fines classify as ML or MH 
 D 

SM Silty sand G,H,I 
Fines Classify as CL or CH SC Clayey sand G,H,I 

Fine-Grained Soils: 
50% or more passes the 
No. 200 sieve 

Silts and Clays: 
Liquid limit less than 50 

Inorganic: 
PI > 7 and plots on or above “A” line CL  J Lean clay K,L,M 
PI < 4 or plots below “A” line ML  J Silt K,L,M 

Organic: 
Liquid limit - oven dried 

< 0.75 OL 
Organic clay K,L,M,N 

Liquid limit - not dried Organic silt K,L,M,O 

Silts and Clays: 
Liquid limit 50 or more 

Inorganic: 
PI plots on or above “A” line CH Fat clay K,L,M 
PI plots below “A” line MH Elastic Silt K,L,M 

Organic: 
Liquid limit - oven dried 

< 0.75 OH 
Organic clay K,L,M,P 

Liquid limit - not dried Organic silt K,L,M,Q 
Highly organic soils: Primarily organic matter, dark in color, and organic odor PT Peat 

 

A Based on the material passing the 3-in. (75-mm) sieve 
B If field sample contained cobbles or boulders, or both, add “with cobbles 

or boulders, or both” to group name. 
C Gravels with 5 to 12% fines require dual symbols:  GW-GM well-graded 

gravel with silt, GW-GC well-graded gravel with clay, GP-GM poorly 
graded gravel with silt, GP-GC poorly graded gravel with clay. 

D Sands with 5 to 12% fines require dual symbols:  SW-SM well-graded 
sand with silt, SW-SC well-graded sand with clay, SP-SM poorly graded 
sand with silt, SP-SC poorly graded sand with clay 

E Cu = D60/D10

6010

2

30

DxD

)(D
     Cc =  

F If soil contains ≥ 15% sand, add “with sand” to group name. 
G 

 

If fines classify as CL-ML, use dual symbol GC-GM, or SC-SM. 

H If fines are organic, add “with organic fines” to group name. 
I If soil contains ≥ 15% gravel, add “with gravel” to group name. 
J If Atterberg limits plot in shaded area, soil is a CL-ML, silty clay. 
K If soil contains 15 to 29% plus No. 200, add “with sand” or “with 

gravel,” whichever is predominant. 
L If soil contains ≥ 30% plus No. 200 predominantly sand, add “sandy” 

to group name. 
M If soil contains ≥ 30% plus No. 200, predominantly gravel, add 

“gravelly” to group name. 
N PI ≥ 4 and plots on or above “A” line. 
O PI < 4 or plots below “A” line. 
P PI plots on or above “A” line. 
Q 

 
PI plots below “A” line. 
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DATUM ELEV

GROUP

SECTION

960.00
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Fill

Fat Clay (Stiff)
Fat Clay (Med)

Fat Clay (V. Soft) 

Silty Sand

1.79

File Name: Sect A-A.gsz
BWL   Date: 10/13/2010

Name: Silty Sand      Unit Weight: 125 pcf     Cohesion: 0 psf     Phi: 29 °     
Name: Fill      Unit Weight: 120 pcf     Cohesion: 50 psf     Phi: 26 °     
Name: Fat Clay (Stiff)      Unit Weight: 120 pcf     Cohesion: 50 psf     Phi: 26 °     
Name: Fat Clay (Med)      Unit Weight: 120 pcf     Cohesion: 0 psf     Phi: 24 °     
Name: Fat Clay (V. Soft)       Unit Weight: 120 pcf     Cohesion: 0 psf     Phi: 20 °     

Distance
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280 290 300 310 320 330
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Fill

Fat Clay (Stiff)
Fat Clay (Med)

Fat Clay (V. Soft) 

Silty Sand

1.73

File Name: Sect A-A (up).gsz
BWL   Date: 10/13/2010

Name: Silty Sand      Unit Weight: 125 pcf     Cohesion: 0 psf     Phi: 29 °     
Name: Fill      Unit Weight: 120 pcf     Cohesion: 50 psf     Phi: 26 °     
Name: Fat Clay (Stiff)      Unit Weight: 120 pcf     Cohesion: 50 psf     Phi: 26 °     
Name: Fat Clay (Med)      Unit Weight: 120 pcf     Cohesion: 0 psf     Phi: 24 °     
Name: Fat Clay (V. Soft)       Unit Weight: 120 pcf     Cohesion: 0 psf     Phi: 20 °     

Distance
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280 290 300 310 320 330
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Fill

Fat Clay (Stiff)
Fat Clay (Med)

Fat Clay (V. Soft) 

Silty Sand

1.57

File Name: Sect A-A (seismic).gsz
BWL   Date: 10/13/2010

Name: Silty Sand      Unit Weight: 125 pcf     Cohesion: 0 psf     Phi: 29 °     
Name: Fill      Unit Weight: 120 pcf     Cohesion: 50 psf     Phi: 26 °     
Name: Fat Clay (Stiff)      Unit Weight: 120 pcf     Cohesion: 50 psf     Phi: 26 °     
Name: Fat Clay (Med)      Unit Weight: 120 pcf     Cohesion: 0 psf     Phi: 24 °     
Name: Fat Clay (V. Soft)       Unit Weight: 120 pcf     Cohesion: 0 psf     Phi: 20 °     

Distance
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280 290 300 310 320 330
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Fill

Fat Clay (Stiff)
Fat Clay (Med)

Fat Clay (V. Soft) 

Silty Sand

1.52

File Name: Sect A-A siesmic (up).gsz
BWL   Date: 10/13/2010

Name: Silty Sand      Unit Weight: 125 pcf     Cohesion: 0 psf     Phi: 29 °     
Name: Fill      Unit Weight: 120 pcf     Cohesion: 50 psf     Phi: 26 °     
Name: Fat Clay (Stiff)      Unit Weight: 120 pcf     Cohesion: 50 psf     Phi: 26 °     
Name: Fat Clay (Med)      Unit Weight: 120 pcf     Cohesion: 0 psf     Phi: 24 °     
Name: Fat Clay (V. Soft)       Unit Weight: 120 pcf     Cohesion: 0 psf     Phi: 20 °     

Distance
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280 290 300 310 320 330
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Silty Sand

Fat Clay (V. Soft)
Fat Clay (Med Stiff)

Fat Clay (Stiff)

Fill

1.82

File Name: Sect C-C (phi 26).gsz
BWL   Date: 10/13/2010

Name: Silty Sand      Unit Weight: 125 pcf     Cohesion: 0 psf     Phi: 29 °     
Name: Fill      Unit Weight: 120 pcf     Cohesion: 50 psf     Phi: 26 °     
Name: Fat Clay (Stiff)      Unit Weight: 120 pcf     Cohesion: 50 psf     Phi: 26 °     
Name: Fat Clay (Med Stiff)      Unit Weight: 120 pcf     Cohesion: 0 psf     Phi: 24 °     
Name: Fat Clay (V. Soft)      Unit Weight: 120 pcf     Cohesion: 0 psf     Phi: 20 °     

Distance
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Silty Sand

Fat Clay (V. Soft)
Fat Clay (Med Stiff)

Fat Clay (Stiff)

Fill

1.50

File Name: Sect C-C (Up) phi 26.gsz
BWL   Date: 10/13/2010

Name: Silty Sand      Unit Weight: 125 pcf     Cohesion: 0 psf     Phi: 29 °     
Name: Fill      Unit Weight: 120 pcf     Cohesion: 50 psf     Phi: 26 °     
Name: Fat Clay (Stiff)      Unit Weight: 120 pcf     Cohesion: 50 psf     Phi: 26 °     
Name: Fat Clay (Med Stiff)      Unit Weight: 120 pcf     Cohesion: 0 psf     Phi: 24 °     
Name: Fat Clay (V. Soft)      Unit Weight: 120 pcf     Cohesion: 0 psf     Phi: 20 °     

Distance
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Silty Sand

Fat Clay (V. Soft)
Fat Clay (Med Stiff)

Fat Clay (Stiff)

Fill

1.60

File Name: Sect C-C (Seismic).gsz
BWL   Date: 10/13/2010

Name: Silty Sand      Unit Weight: 125 pcf     Cohesion: 0 psf     Phi: 29 °     
Name: Fill      Unit Weight: 120 pcf     Cohesion: 50 psf     Phi: 26 °     
Name: Fat Clay (Stiff)      Unit Weight: 120 pcf     Cohesion: 50 psf     Phi: 26 °     
Name: Fat Clay (Med Stiff)      Unit Weight: 120 pcf     Cohesion: 0 psf     Phi: 24 °     
Name: Fat Clay (V. Soft)      Unit Weight: 120 pcf     Cohesion: 0 psf     Phi: 20 °     

Distance
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Silty Sand

Fat Clay (V. Soft)
Fat Clay (Med Stiff)

Fat Clay (Stiff)

Fill

1.39

File Name: Sect C-C (Up Seismic).gsz
BWL   Date: 10/13/2010

Name: Silty Sand      Unit Weight: 125 pcf     Cohesion: 0 psf     Phi: 29 °     
Name: Fill      Unit Weight: 120 pcf     Cohesion: 50 psf     Phi: 26 °     
Name: Fat Clay (Stiff)      Unit Weight: 120 pcf     Cohesion: 50 psf     Phi: 26 °     
Name: Fat Clay (Med Stiff)      Unit Weight: 120 pcf     Cohesion: 0 psf     Phi: 24 °     
Name: Fat Clay (V. Soft)      Unit Weight: 120 pcf     Cohesion: 0 psf     Phi: 20 °     

Distance
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250
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Very Soft Clay

Fat Clay

Fill

2.20

File Name: Sect E-E (phi 26).gsz
BWL   Date: 10/13/2010

Name: Fill      Unit Weight: 120 pcf     Cohesion: 50 psf     Phi: 26 °     
Name: Fat Clay      Unit Weight: 120 pcf     Cohesion: 50 psf     Phi: 26 °     
Name: Very Soft Clay      Unit Weight: 120 pcf     Cohesion: 0 psf     Phi: 20 °     

Distance
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Very Soft Clay

Fat Clay

Fill

4.05

File Name: Sect E-E (Up) phi 26.gsz
BWL   Date: 10/13/2010

Name: Fill      Unit Weight: 120 pcf     Cohesion: 50 psf     Phi: 26 °     
Name: Fat Clay      Unit Weight: 120 pcf     Cohesion: 50 psf     Phi: 26 °     
Name: Very Soft Clay      Unit Weight: 120 pcf     Cohesion: 0 psf     Phi: 20 °     

Distance
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250
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Very Soft Clay

Fat Clay

Fill

1.82

File Name: Sect E-E (Seismic) phi 26.gsz
BWL   Date: 10/13/2010

Name: Fill      Unit Weight: 120 pcf     Cohesion: 50 psf     Phi: 26 °     
Name: Fat Clay      Unit Weight: 120 pcf     Cohesion: 50 psf     Phi: 26 °     
Name: Very Soft Clay      Unit Weight: 120 pcf     Cohesion: 0 psf     Phi: 20 °     

Distance
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250
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Very Soft Clay

Fat Clay

Fill

2.42

File Name: Sect E-E (Up Seismic) phi 26.gsz
BWL   Date: 10/13/2010

Name: Fill      Unit Weight: 120 pcf     Cohesion: 50 psf     Phi: 26 °     
Name: Fat Clay      Unit Weight: 120 pcf     Cohesion: 50 psf     Phi: 26 °     
Name: Very Soft Clay      Unit Weight: 120 pcf     Cohesion: 0 psf     Phi: 20 °     

Distance
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Silty Sand

Fat Clay (Soft to V. Soft)

Fat Clay (Med to Stiff)

Fill

1.64

File Name: Sect F-F phi 26.gsz
BWL   Date: 10/13/2010

Name: Silty Sand      Unit Weight: 125 pcf     Cohesion: 0 psf     Phi: 29 °     
Name: Fill      Unit Weight: 120 pcf     Cohesion: 50 psf     Phi: 26 °     
Name: Fat Clay (Med to Stiff)      Unit Weight: 120 pcf     Cohesion: 50 psf     Phi: 26 °     
Name: Fat Clay (Soft to V. Soft)      Unit Weight: 120 pcf     Cohesion: 0 psf     Phi: 20 °     

Distance
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250
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Silty Sand

Fat Clay (Soft to V. Soft)

Fat Clay (Med to Stiff)

Fill

1.66

File Name: Sect F-F (Up) phi 26.gsz
BWL   Date: 10/13/2010

Name: Silty Sand      Unit Weight: 125 pcf     Cohesion: 0 psf     Phi: 29 °     
Name: Fill      Unit Weight: 120 pcf     Cohesion: 50 psf     Phi: 26 °     
Name: Fat Clay (Med to Stiff)      Unit Weight: 120 pcf     Cohesion: 50 psf     Phi: 26 °     
Name: Fat Clay (Soft to V. Soft)      Unit Weight: 120 pcf     Cohesion: 0 psf     Phi: 20 °     

Distance
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250
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Silty Sand

Fat Clay (Soft to V. Soft)

Fat Clay (Med to Stiff)

Fill

1.44

File Name: Sect F-F (seismic) phi 26.gsz
BWL   Date: 10/13/2010

Name: Silty Sand      Unit Weight: 125 pcf     Cohesion: 0 psf     Phi: 29 °     
Name: Fill      Unit Weight: 120 pcf     Cohesion: 50 psf     Phi: 26 °     
Name: Fat Clay (Med to Stiff)      Unit Weight: 120 pcf     Cohesion: 50 psf     Phi: 26 °     
Name: Fat Clay (Soft to V. Soft)      Unit Weight: 120 pcf     Cohesion: 0 psf     Phi: 20 °     

Distance
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250
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Silty Sand

Fat Clay (Soft to V. Soft)

Fat Clay (Med to Stiff)

Fill

1.45

File Name: Sect F-F (Up Seismic) phi 26.gsz
BWL   Date: 10/13/2010

Name: Silty Sand      Unit Weight: 125 pcf     Cohesion: 0 psf     Phi: 29 °     
Name: Fill      Unit Weight: 120 pcf     Cohesion: 50 psf     Phi: 26 °     
Name: Fat Clay (Med to Stiff)      Unit Weight: 120 pcf     Cohesion: 50 psf     Phi: 26 °     
Name: Fat Clay (Soft to V. Soft)      Unit Weight: 120 pcf     Cohesion: 0 psf     Phi: 20 °     

Distance
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250
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Fill
Fat Clay

Silty Sand

1.61

File Name: Sect L-L (phi 26).gsz
BWL   Date: 10/13/2010

Name: Silty Sand      Unit Weight: 125 pcf     Cohesion: 0 psf     Phi: 29 °     
Name: Fill      Unit Weight: 120 pcf     Cohesion: 50 psf     Phi: 26 °     
Name: Fat Clay      Unit Weight: 120 pcf     Cohesion: 50 psf     Phi: 26 °     

Distance
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280 290 300 310 320 330
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Fill
Fat Clay

Silty Sand

1.70

File Name: Sect L-L (up) phi 26.gsz
BWL   Date: 10/13/2010

Name: Silty Sand      Unit Weight: 125 pcf     Cohesion: 0 psf     Phi: 29 °     
Name: Fill      Unit Weight: 120 pcf     Cohesion: 50 psf     Phi: 26 °     
Name: Fat Clay      Unit Weight: 120 pcf     Cohesion: 50 psf     Phi: 26 °     

Distance
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280 290 300 310 320 330
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Fill
Fat Clay

Silty Sand

1.40

File Name: Sect L-L (seismic) phi 26.gsz
BWL   Date: 10/13/2010

Name: Silty Sand      Unit Weight: 125 pcf     Cohesion: 0 psf     Phi: 29 °     
Name: Fill      Unit Weight: 120 pcf     Cohesion: 50 psf     Phi: 26 °     
Name: Fat Clay      Unit Weight: 120 pcf     Cohesion: 50 psf     Phi: 26 °     

Distance
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280 290 300 310 320 330
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Fill
Fat Clay

Silty Sand

1.50

File Name: Sect L-L (up seismic) phi 26.gsz
BWL   Date: 10/13/2010

Name: Silty Sand      Unit Weight: 125 pcf     Cohesion: 0 psf     Phi: 29 °     
Name: Fill      Unit Weight: 120 pcf     Cohesion: 50 psf     Phi: 26 °     
Name: Fat Clay      Unit Weight: 120 pcf     Cohesion: 50 psf     Phi: 26 °     

Distance
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280 290 300 310 320 330
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Silty Sand

Fat Clay
Fill

1.87

File Name: Sect M-M phi 26.gsz
BWL   Date: 10/13/2010

Name: Silty Sand      Unit Weight: 125 pcf     Cohesion: 0 psf     Phi: 29 °     
Name: Fill      Unit Weight: 120 pcf     Cohesion: 50 psf     Phi: 26 °     
Name: Fat Clay      Unit Weight: 120 pcf     Cohesion: 50 psf     Phi: 26 °     

Distance
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280 290 300 310 320 330
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Silty Sand

Fat Clay
Fill

1.74

File Name: Sect M-M (UP) phi 26.gsz
BWL   Date: 10/13/2010

Name: Silty Sand      Unit Weight: 125 pcf     Cohesion: 0 psf     Phi: 29 °     
Name: Fill      Unit Weight: 120 pcf     Cohesion: 50 psf     Phi: 26 °     
Name: Fat Clay      Unit Weight: 120 pcf     Cohesion: 50 psf     Phi: 26 °     

Distance
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280 290 300 310 320 330
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Silty Sand

Fat Clay
Fill

1.60

File Name: Sect M-M (seismic) phi 26.gsz
BWL   Date: 10/13/2010

Name: Silty Sand      Unit Weight: 125 pcf     Cohesion: 0 psf     Phi: 29 °     
Name: Fill      Unit Weight: 120 pcf     Cohesion: 50 psf     Phi: 26 °     
Name: Fat Clay      Unit Weight: 120 pcf     Cohesion: 50 psf     Phi: 26 °     

Distance
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280 290 300 310 320 330
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Silty Sand

Fat Clay
Fill

1.49

File Name: Sect M-M (UP seismic) phi 26.gsz
BWL   Date: 10/13/2010

Name: Silty Sand      Unit Weight: 125 pcf     Cohesion: 0 psf     Phi: 29 °     
Name: Fill      Unit Weight: 120 pcf     Cohesion: 50 psf     Phi: 26 °     
Name: Fat Clay      Unit Weight: 120 pcf     Cohesion: 50 psf     Phi: 26 °     

Distance
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280 290 300 310 320 330
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Silty Sand

Fat Clay
Fill

1.64

File Name: Sect O-O (phi 26).gsz
BWL   Date: 10/13/2010

Name: Silty Sand      Unit Weight: 125 pcf     Cohesion: 0 psf     Phi: 29 °     
Name: Fill      Unit Weight: 120 pcf     Cohesion: 50 psf     Phi: 26 °     
Name: Fat Clay      Unit Weight: 120 pcf     Cohesion: 50 psf     Phi: 26 °     
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Silty Sand

Fat Clay
Fill

1.57

File Name: Sect O-O (up) phi=26.gsz
BWL   Date: 10/13/2010

Name: Silty Sand      Unit Weight: 125 pcf     Cohesion: 0 psf     Phi: 29 °     
Name: Fill      Unit Weight: 120 pcf     Cohesion: 50 psf     Phi: 26 °     
Name: Fat Clay      Unit Weight: 120 pcf     Cohesion: 50 psf     Phi: 26 °     

Distance
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